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Being a compilation from the work of various agricul- 
tural workers on and off the field on diverse subjects, these 
Memoirs may have a certain inevitable lack of continuity and 
unevenness in quality. The work is also necessarily 
incomplete, as all knowledge and the application of such 
knowledge can never be complete. It is, however, a record 
of much useful work done by the Madras Agricultural 
Department and has been presented in a form that may 
help both the technical reader and the layman. It is hoped 
that these contributions to knowledge made by a number 
of figricultural workers, will offer a field from which more 
radiant knowledge will be developed as a beacon for the 
future of agricultural prosperity. 
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MEMOIRS OF THE DEPARTMENT OF 
AGRICULTURE, MADRAS. 

CHAPTER I. 

HlBTOiiY OF THE MADRAS AGRICULTURAL 
DEPARTMENT. 

The need for an Agricultural Department — Stages in the develop- 
ment of agriculture from primitive to modem times— Lines of 
Improvement— The origin, growth and organization of the 
Ibdras Agricultural Department Research and Research 
Stations— Propaganda and demonstration— Agricultural Educa- 
tion— lllarketing. 

Itefore uarratmg the liihtory and developiueat of agriculture m 
tfaiH Slate, it luay be as well to consider why an Agricultural 
Department is necessary for a, State. 

Ill the development of agriculture three distinct stages can he 
distinguished. The hist n the most primitive method of clearing 
and burning an area of forest, and raising one or two crops in 
the clearing and then moving on to repeat the operation elsewhere, 
when the soil fertility gets exhausted. This forui of cultivation, 
practised by wandering tribes and hillmeu, was very wasteful and 
only jioor crops could he obtained. As population increased and 
communities were established to settle in detinite places and form 
villages, this primitive ty^ie of shifting cultivation gave place to 
a more settled form of cultivation — the second stage. Even in 
this stage, the cultivator relied on the forest for replenishing the 
fertility of his lands, either directly by applying the leaves of the 
forest or indirectly, by grazing the animals in the forests and 
applying their manure to his fields. The third stage was reached 
when cultivation extended beyond the proximity of the forests 
and large acres were cultivated iu the plains to meet the growing 
needs of an increasing population. The fertility of these lands 
had to be maintained, so that crops could be grown for the needs 
of the population every year and for the requirements of commerce 
and industry. Crop rotation had to be practised, irrigation, 
resources developed and new’ methods of cultivation introduced or 
the existing ones modified to suit varying conditions of soil, climate 
and rainfall. The incidence of pests and diseases had to be studied, 
and the loss caused by them and by adverse seasonal conditions 
controlled and minimized. It was at this stage of agriculture 
the need for an Agricultural Department was felt, to study 
ttie various problems of agriculture and to introduce new method 
improvements in ^e existing agricultural practices. The 
pmUesM to be solved by the Department of Agriculture in Machras 



2 MGMOIBS OK I'Uti UKKABTMEN'i' OK AGBICULTUUK, MAOUAS 


have been many and various, but the most important were : (1) the 
supply of improved seeds and plants of ditlerent crops giving 
lugiier yields and better quality to suit various conditions, (2) the 
recommendation of suitable manures to dili'erent crops and soils, 
(3) the combating of crop pests and diseases, (4) the introduction 
of better methods of cultivation and crop rotations, (6) the supply 
of improved agricultural implements, (6) soil conservation, (7j the 
cultivation of fruit crops and special plantation crops, and 
(8) improved methods of nJ&rketing of agricultural produce so as 
to give better returns to the producer. 

Agricultural occupation, which is the back bone of the country 
can hold its own against other industries, and feed successfully 
a great and growing population, only if farming is done by pro- 
gressive methods based on scientific research and the proper appli- 
cation of the results. It was with this puriiose, that the 
Agricultural Depurtment was reorganized in 19Ul> and was later 
developed to meet the growing needs of the farmer. 

It may be useful to mention briefly the earlier attempts to 
introduce agricultural improveiuents in the State, before the depart- 
ment was started. The first recorded attempt, is the introduction 
of a variety of foreign cotton from Mauritius in the year 1790, 
the relic of which is the Bourbon cotton. In 1835, the Agri- 
Horticultural Society was founded in Madras to promote agricul- 
tural improvements. Certain experiments were conducted by the 
Superintendent of Cotton Operations, between 1842 to 1853, on 
New Orleans, Sea Island and Bourbon colton.s. In 1854, an agri- 
cultural exhibition and cattle show were arranged and prizes were 
awarded. 

Practical interest in agricultural development was awakened 
as early as 1863, by the then Governor, who drew attention to the 
prevalent practice of continuous cropping, the deficiency of cattle 
manure and its misuse as fuel, the defective, implements, the lack 
of trees, the poor cattle, and the want of accurate knowledge and 
statistics in the State. As a consequence, orders were placed in 
England for a steam plough, steel harrows and cultivators, seed 
drills, threshing and winnowing machines and water lifts. An 
area of 350 acres of land at Saidapet, owned by the Nawab of 
Carnatic, was taken over by Government for conducting trials with 
the foreign implements and machines, A committee was appointed 
to test artificial manures and improved systems of agriculture. 
Since no remarkable progress was made even after seven years, 
the Board of Bevenue took over control of the Saidapet Farm in 
1871. A Superintendent of the farm appointed in 1868, became 
the Assistant to the Commissioner for Agriculture, for general 
statistical and agricultural work. 

In 1876, a complete and high class public A^icultural College 
was established at Saidapet. This was the beginning of agricul- 
tural education in the State. The control of the College was trans- 
ferred to the Director of Public Instruction in 1884, and this 



MlBMUlliS OF THE OEPAUTMENT OK AGlUCULTUllK, MADRAS 3 


arrangement continued up to 1905. The main work done during 
this period, was the tabulation ol* village statistics, analysis ot 
famine records and enquiries on agricultural economics. 

The Indian Famine Commission of 1S80, investigated the 
question of practical improvements jn agriculture and the steps 
to be taken l)y the State to encourage the industry. The Com- 
mission, among other things, recommended the revival of Agri- 
cultural Departments by the Government of India and the simul- 
taneous formation of Agricultural Departments in all States. In 
Madras, a separate Agricultural Department was organized in 
1881-82, with a Director of Settlement and Agriculture, designated 
as the ComiJiissiuiier for Jleveiiue Settlement, J-iUnd itecords and 
Agriculture. Six years later, in J8SH, a committee was appointed 
to make a comprehensive enquiry into the c,oiistituti()u and opera- 
tions of the Agricultural Department. This committee strongly 
recoiiiiuended research, experiments and organization and the need 
for agricultural farms in the districts. Action on this recommenda- 
tion \vas taken only in 1897, when the sugarcane crop in the 
Godavari area w'tis damaged by red-rut. To tackle the disease, 
an Economic Botanist was appointed in 1898. This may be said 
to be the beginning of agricultural researcli in Madras. Besides 
the w^ork on the Samalkota Sugarcane Farm from 190*2, an agri- 
cultural farm was opened at Palur in South Arcot district m 1905, 
for research on groundnut, and another in Taliparamba in 1905, 
to investigate the ‘ pollu * disease of pe^'per. For work on cotton, 
farms were sturtcvl in 1901, at Hagan in Bfdlary district and at 
Koilpatii in Tirunelveli district. In 1889, an Agricultural Chemist 
was specially ap}X)inted hv the Government of India to report on 
the expansion of work in agricultural chemistry and to eilect 
improvements in agriculture. Based on his report, which was 
presented in 1891, a re-orientation was given to the Agncullural 
Department in this State in line with the developmental policy 
laid down by tlie then Viceroy. As a consequence, a w^hole-time 
Director of Agriculture w^as appointed in 1906, to work under the 
Board of Revenue, and an Agricultural College and Research 
Institute was established in 1907 at Coimbatore. The Saidapet 
Farm was closed and the students were transferred to the newly 
equipped college at Coimbatore. The control of the Director of 
Public Instruction over the Agricultural College, also ceased wnth 
this change. This new department consisted, besides the Director 
of Agriculture, an Economic Botanist, an Agricultural Chemist 
and two Deputy Directors (North ard South) for district work. 
Prom these small Jbeginnings the work of the department has 
expanded in different directions wnth specialized staff as indicated 
hereunder. 

Propaganda and district work , — Eight regional Deputy Directors 
of Agriculture with a District Agricultural Officer for each district, 
and an Agricultural Demonstrator for each taluk, a Plant Pro- 
tection Wing with one Entomologist and one Mycologist each, 
for the north and south zones and five Seed Development Officers. 

A.M.~lA 
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Research Officers . — Crop Specialists for rice, cotton, millets, 
pulses, sugarcane, oil-seeds and fruits with Assistant Speciahsts in 
important district centres and liesearch Assistants. In addition to 
these, a Cardamom Specialist and a Pepper Specialist have also 
been recently appointed. The other specialists are, the Lecturing 
and systematic Botanist, the Agricultm'al Chemist, the Mycologist, 
the Entomologist and the Agricultural Research Engineer. Two 
Cyto-Geneticists, two Plant Physiologists, a Bio-chemist for fruit 
products and an Agricultural Meteorologist have also been appoint- 
ed. For the development of marketing, there is a State Marketmg 
Officer with four regional Marketing Officers and Marketing Assist- 
ants. Other officers are (a) fourteen Superintendents in charge 
of Agricultural Research Stations, (6) two Assistant Agricultural 
Engineers for tractor workshops and another for contour-bunding 
work. 

The history of expansion m research and development work is 
given below m broad outline. 

Agricultural research and eu-yertmenis . — The research work of 
the Agricultural Department may lie divided into the fundameutal 
and applied work done by the Specialists at the Research Institute 
at Coimbatore, and the supplementary work done in the several 
Agricultural Research Stations in the districts, to test the appli- 
cation of Coimbatore results to varying local conditions. All 
fundamental work connected with the evolution of new strains for 
different crojis or the introduction of unproved cultural and manu- 
rial practices, or the treatments against crop pests and diseases, 
originated from the Specialists in the Agricultural Research Insti- 
tute and this procedure is still being continued, .^s the work 
expanded, however, the need for carrying out exiienments in the 
actual centres of production arose, and regional stations for crops 
were started : for rice in Aduthurai, Maruteru and Pattaiubi, for 
cotton in Hagari and Koilpatti, for groundnut in I'indivanam and 
lor sugarcane at jiknakapalh and Gudiyattam under the Specialists. 
These stations under the control of the Speciahsts at Coimbatore 
helped to further intensify the research programme on these crops 
in the districts. At the same time, a third type of agricultural 
stations developed, devoted mainly to local agricultural study of 
fhe several crops in particular areas. These were under the con- 
trol of the Deputy Directors of Agriculture and were helped, where 
necessary, by a staff trained by the Crop S^iecialists. Besides 
experimentaf work on a number of local agricultural poblems, 
stations were also engaged in the trial and multiphcation of 
improved seed, manurial investigations, research into local cultural 
tnetbodg and practices and the testing of new vaneties and plants. 

The development of research with a well-equipped research 
sectum for each branch of agricultnral scienoe under a Specialist 
started when an Economic Botanist was appointed for plant-breed« 
ing work in 1902. A separate Chenaistry section was formed ia 
1^, at Coimbatore, to investigate into jn^lems on smls, manoree, 
waters, food-stufEs, agricultum products and processes and ha 
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fuaction in an advisory capacity. Work on plant diseases was 
transferred to a separate section in 1910 under a Mycologist, for 
research on plant diseases in view of the growing importance of 
such diseases as bud-rot on palmyra, red-rot on sugarcane and 
‘ Mahali ’ on arecanut. The need for urgent remedial measures 
against many insect pests attacking cultivated crops was recognized 
and a sepai’ate section under an Entomologist was opened in 1912 
for this purpose and also for promoting bee-culture and sericulture. 

It was felt that a single Economic Botanist was not ade^^uate 
for the requirements of such important crops as rice, cotton, 
millets, oil-seeds, etc., which were grown in large areas and 
demanded special attention on account of their major imixirtance 
to tlie State. The work of the Economic Botanist was divided 
into two sections, one for research and the other for teaching. 
The research work was further intensified by the appointment of 
an Economic Bolaiiist for rice in 1913 and of a Sugarcane Spexn'alist 
in 1912. 

The l^addy Breeding Station was started at Coimbatore in 
1913, and tlie work of genetic iinestigations on the plant and 
evolution of improved strains received greater impetus with the 
opening up of sub-stutions at Aduthurai in Tanjore district (1922), 
Maruteru in West (ludavan district (1925), Pattambi in Malabar 
district (1927), Berbampur in Ganjam district (1932) (since trans- 
ferred to Orissa), Ambasamudram in 'J'ininelveli district (1937), 
Buchireddipalem in Nellore district (1937), Tirurkiippam m 
Ciiinglepiit district (1942) and Mangalore in South Kanara district 
(1942). Besides fundamental work on the rice plant, the paddy 
flection has evolved strains suited to the major rice growing tracts, 
comprising an area of ten and a half rnilbon acres in the State. 
Three Seed Development Officers are in cliarge of distribution of 
improved seeds. 

Cotton was the next crop to receive attention. A Cotton 
Bppcialist was appointed in 1921 and he followed up the earlier 
work done on the crop since 1909. The Cotton Breeding Station 
was started at Coimbatore in 1922 and the work which v’^is started 
with Cambodia, Karunganni and Uppam was extended into the 
districts when the Koilpatti Farm was expanded to cater to the 
needs of the ‘ Tinnies * areas, the Hagari Farm for * Western ' 
cotton and the Nandyal Farm* for white ‘ Northerns.* Even from 
the earlier years, improved strains were evolved for each of the 
major commercial varieties. The Indian Central Cotton Commit- 
tee financed many schemes for expansion and improvement of 
cotton work as in Uppam, Cocanadas, the Mungari scheme at 
Adoni, the Cambodia cotton scheme at Paliir and the white 
Northerns. New strains were evolved and a special variety called 
* Uganda * was introduced. This, a cross between Cambodia 
AAd Soitth African Uganda, was capable of spinning counts of 
80a, and was the finest commercial cotton so far produced in India. 
E^esearch work has also been e:ktended to the evolution of long 
ataple types in all important areas and the introdnction of Sea 
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Island cotton in the West Coast. A Cotton Extension Officer and 
thi'ee Assistant Cotton Extension Officers were a£{>ointed in 1950 
to do intensive work in the districts on all items of propaganda, 
including supply of cotton seeds, with the object of increasing the 
{Kodaction of cotton in the State so as to achieve self-sufficiency. 

A separate research section for millets was started in 1921 at 
Coimbatore to cater to the needs of those large areas where these 
food crops of the poor are grown. The Millets Breeding Station 
was opened in 1923, beginning with the more important millets : — 
sorghum, bajra, ragi and tcnai. Supplementary work was done 
at Hagari and Nandyal from 1931 and at Guntur from 1932. 
Recently, (1948) sub-stations have been opened in Tirupattur 
(North Arcot), Narasa(>atam (South Visakhapatnam), Ongole 
(Guntur) and Ariyalur (Tiruchirapalli) for research on a regional 
basis, since millets show a high degree of susceptibility to changes 
in environmental and soil factors. Strains have been evolved to 
suit irrigated and rainfed crops and for the large commercial areas 
like the Pachajonna of Nandyal and Guntur, the Tellajonm of 
Bellary and the Periyamanjol and Irmgu sorghum areas of the 
south. High yielding types of ragi and tenai are under distribution 
and improved varieties of Punjab bajra have been introduced In 
order to meet the expanding need for seed distribution, two Seed 
Development Officers were recently appointed for distribution of 
improved millet strains. 

It was only in 1930 that an Oil Seed section was opened under 
a Specialist at Coimbatore. Research was started with groundnut, 
gingelly and castor and the work on groundnut was later intensified 
in the Tindivanain Agricultural station in South Arcot district, a 
major district for this crop. Fundamental studies on these crops 
have been taken up and useful information on the cultivation 
aspects and manuring has been obtained. High yielding strains 
have been produced in varieties of groundnut, both bunch and 
spreading, gingelly, castor and they are under distribution. Work 
on coconut, originally carried out by the Deputy Director of Agri- 
culture was transferred to the Oil Seeds Specialist. Cultural and 
manorial experiments and study of varieties and hybrids are in 
progress at the Coconut Research Stations at Easargod and Nilesh- 
war in South Kanara district besides fundamental research on the 
crop. The Coconut Research Station, Kasargod, has been handed 
over to the Indian Central Coconut Committee, in 1947 for develoji- 
ing into a Central Coconut Research Institute under the Committee. 
For supplying selected coconut seedlings, nurseries have been 
opened in eight centres in this State, viz., Nileshwar (South 
Kanara), Pattambi (South Malabar), Pattukottai (Tanjore), Tindi- 
vanam (South Arcot), Samalkota (East Godavari), Maruteru (West 
Godavari), Anakapalle (Visakhapatnam), and Coimbatore Central 
Farm. Improved seeds are under distribution and experiments 
are being conducted on manuring, mixed cropping, and hybridisa- 
tion and on the storage of oil se^. 
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As already stated, research on sugarcane was the earliest to 
start in this State iii 1902, primarily to investigation the ‘ red rot ' 
disease that was prevalent on the then cultivated canes called 
‘ noble canes \ A Sugarcane Breeding Station was started in 
1912 at Coimbatore, and the work expanded by the introduction of 
hybrid types raised from seed; this gave a wide range of material, 
from which, varieties suited to the variety of conditions and tracts 
over the whole of India could be selected. The improved canes 
originally evolved, mainly catered to the large sugarcane areas of 
Northern India where a thin type of cane was required. On 
account of the importance of the sugarcane work at Coimbatore to 
the vast sugarcane tracts outside the State, the Government of 
India took over control of the Sugarcane Breeding Station, Coim- 
batore, from the year 1925. With the api>ointment of a second 
Sugarcane Expert, the thick canes of Madras also received more 
attention and practically all the area in Madras is now under the 
improved canes that were evolved at Coimbatore. Work in Madras 
developed in line with the recommendations of the Indian Sugar 
Committee of 1920. Sub-stations were opened m Anakapalle (1913) 
and at Gudiyalharn (1936) helped by funds sanctioned by the 
Indian Council of Agricultural Eesearch. Supplementary research 
in varietal and agronomical studies are being continued at Palur 
in South Arcot and Samalkota in East Godavari district. A Sugar- 
cane Specialist for Madras was apiAiinted in 1918 with headquarters 
at Anakapalle, where the activities of sugarcane research were 
expanded by the appointment with the financial aid of the Indian 
Central Sugarcane Committee of a Chemist, a Mycologist and a 
Physiologist. During 1949, under the Madras Sugar Factories 
Control Bill, liaison farin.s for cam* improvement work, have been 
started in the factory areas at Samalkota, Hospet, Nellikuppam 
and Pugalur. While the Central Research Station at Coimbatore 
continues to do the work of evolution of new tyjx?s of hybrid canes, 
trials of improved types, field studies, work on pests and diseases 
and chemical and pliysiological investigations are conducted by the 
Sugarcane section at Anakapalle. 

A separate section was established for Agricultural Engineering 
at Coimbatore in 1928 with a wdioletime Research Engineer in 
accordance with the recommendation in 1926, of the Royal Com- 
mission on Agriculture. Work was devoted to the study and 
improvement of mechanical farm equipment, including implements, 
irrigation installations and oil engines. An up-to-date workshop 
was constructed in 1931, and the section designed improved types 
of seed drills, guntdkas, hand hoes, ploughs and mechanical graders 
for fruits, potatoes and eggs. With the increased activities con- 
sequent on the Grow More Food campaign, the work of the section 
expanded. The manufacture of agricultural implements through 
fabricators, introduction of pumping sets and tractors, and the 
opening up of new lands through tractor ploughs and bull dozers 
were taken up. Recently, Agricultural Engineers have been 
appointed for contour bunding in Ceded Districts and for tractor 
workshops at Bapatla and Coimbatore, 
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An impetus to fruit growing in Madras, was given by the 
appointment of a Superintendent for the Koduru Fruit Eesearch 
Station started in 1935. Work Avas first devoted to the improve- 
ment of mangoes and the local sathgudi oranges by propagation 
of imiffoved plants, disease resistant types, off-season bearers, and 
introduction of proper and efficient orchard practices. These 
studies had financial aid from the Indian Council of Agricultural 
Research. In order to co-ordinate and centralise all fruit research 
work, a Fruit Specialist was apj)ointed from 1941. The three 
fruit stations in the Nilgiris, viz. , Coonoor, Burliar and Kallar were 
also placed under his control. Supplementary work on the evolu- 
tion and distribution of improved plants and seedlings is being done 
at Coimbatore, Araku, Anakapalle, Guntur, Wynad and Tali- 
paramba. A research station, devoted exclusively for work on 
bananas, was op>ened at Aduthnrai (Taujore district) in 19-19. 
Recently, model fruit stations were opened in Madurai, East 
Godavari, South Kanara and other districts. A diploma course in 
Horticulture and a certificate cotirse were instituted in 191S. The 
Fruit Specialist’s headquarters was transferred from Koduru to 
Madras in 1948 and then to Coimbatore in 1950. 

The Pulses section was established in 1943 and with financial 
aid by the Indian Council of Agricultural Research a Pulses 
Specialist was ap^iointed on a teniixirary basis. He took over 
from the Cotton Specialist and the Millets Sjycialist, work and 
materials on pulses, handled till then, by them. More intensive 
work was started from 1943 and multiplication of selected varieties 
was done in cowpea, horsegram, bengalgram and labial). Three 
sub-stations were opened at Coimbatore, Dharmapuri (Salem 
district) and Vizianagararn (X'isakhapatnam) for the isolation of 
high yielding strains of pulses resistant to disease. In order to 
increase the area under pulses, a scheme was worked nut in 1944-46 
for purchase and free distribution of blackgrara, greengram and 
redgram. ; 

The Livestock section was started in the year 1916 as a part of 
tile Agricultural Department. In 1938 the section was transferred 
to the Animal Husbandry Department. The work was under a 
Deputy Director of Livestock with headquarters at the Hosur Cattle 
Farm which was opened in 1924. Previously, a cattle breeding 
station had been opened at Chintaldevi in Nellore district for improve- 
ment of the Ongole breed of cattle, and another farm was opened 
at Guntur in 1923 for the breeding of buffaloes. The work of this 
section was devoted to the introduction of better breeds of milkers 
like the Scindi breed, the crossing of Ayrshire with Scindi and 
Sahewal for producing improved milkers and the introduction of 
pedigree stock for improving the major local breeds of Kangayam, 
Ongole and the Hallikar. The earlier work on sheep at Hogari 
and Bantanahal stations was devoted to evolving from a type of 
black faced vigorous rams a pure breed bearing white wool. The 
Livestock seciion also help^ to distribute breeds of imported 
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poultry like the White Leghorns and Rhode Island Reds and 
indigenous improved types like the Chittagong and Tellicherry. 

As already mentioned, the Agricultural Chemistry biaiich was 
one of the earliest research sections to be started at Coimbatore 
in 1909. The earlier work commenced with the investigations on 
soils, manures, foodstuffs, etc., but as the work expanded, the 
following lines of work were undertaken in an intensive form : 
(1) Soil Surveys, (2) Soil I^hysics, (3) Physical Chemistry, (L Plant 
Nutrition, (5) Bacteriology, (0) Animal Nutrition and (7) Manu- 
facture of Malt. Investigations were also made on the manurial 
value of different kinds of organic and inorganic manures, and their 
effect in different doses on the production and (jnality ol various 
cro|)6. The nutritive value of crops raised with different manures 
was one of the lines of investigation; the chemistry of the 
dexioiupositioii of green manures under different conditions, was 
another line of study. In additimi to these, certain agro-industries 
like the manufacture of (‘r(‘am jaggery ami of malt foods were also 
developed. J>uring the last world war, the mall factory was estab- 
lished to supply malt extract with shark liver oil to the army, and 
the manufacture is being continued for supplies to the hospitals 
and jmblic. An animal nutrition wing was added to this section 
from to investigate into the feeding requirenienls of different 

breeds of animals and tin* \alne of different fodders and concen- 
trates. This work which was hnanced h\ the Indian Council of 
Agricultural Resoarch, was closed aft(*r a ten-year scdieme was 
concluded. The original work of soil surveys ctmducled in the 
Tanjure, Codavan, Krishna and Malabar districts were later 
extended and elaborated on other areas projK)sed for irrigation 
projects like the Jjower Bhavam and 3Tiungabhadra jirojects. 
Ilecently, a Plant Physiologist and Research staff have also been 
added to tlie section. 

The Mycology section was created in 1910 primary to investigate 
»uch diseases as the Palmyra bud-rot, and the ‘ mahab ' disease of 
areeanuts. Later, the vrork was extended to deal with all important 
crop diseases like the smut on sorghum, the ‘ blast ’ on rice, the 
mosaic and the red rot of sugarcane, the rnildew’ on grapes and the 
wilt disease of groundnut. In order to meet the increasing demands 
from the ryots, for quick facilities to take up the successful remedial 
measures evolved against plant diseases, two Plant Protection 
Officers for Mycology have recently been appointed in the districts 
with an extension staff. The Mycology section has also developed 
methods for the preparation of ‘ food yeast ’ and the manufacture 
Of ‘ ergot ’ of rye. Special wings of the section are now working 
for control of rice diseases, for the preparation of ergot in Ootaca- 
mund and for the investigation of the * Pollu ' disease of pepper 
in Tahparamba. 

The Entomology section was started in 1912. Preliminary 
work was devoted to studying the life histories of insect pests on 
crops and the remedial measures to be taken against them. Among 
the important lines of work first taken up by the section, may be 
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mentioned the control of the pink-boU worm and the stem weevil 
of cotton; later, the research was extended to control such important 
crop pests as the swarming caterpillar, the stem borer and the 
bug on rice, the borers on sugarcane, the thrips on chillies, 
the mango hopper, the fruit-sucking month, the caterpillar and the 
beetle on the coconut, the hairy caterpillar and the ‘ surul ' on 
groundnut and the pests of stored products. Besides protective 
and remedial measures, biological methods of control by insect 
parasites were also introduced in some oases. Bee-keeping and 
sericulture were developed and a number of beed-colonies introduced 
in the districts. The eiffects of different insecticides were investi- 
gated. Two Plant Protection Officers as for Mycology were 
appointed in 1948, to extend the application of remedial measures 
into the districts. 

To help in the work of protection of crops against insects and 
diseases, two legislative measures were enacted, namely, (1) the 
Destructive Insects and Pests Act of 1914 — A quarantine measure 
to prevent the introduction into the country of insect pests and 
(2) the Madras Pests and Diseases Act of 1919, to prevent their 
spread in the State. The latter Act was applied against insect 
pests of Cambodia cotton, the hairy caterpillar attacking groundnut 
and bajra, the bud -rot on palmyra and even against the water- 
hyacinth, a pernicious weed. 

A separate Marketing section was created in Madras in 1934, 
in line with an All-India plan, to improve the conditions of 
marketing and ensure better returns to the producer. An intensive 
enquiry was conducted on the marketing of certain cnminodities 
with funds sanctioned by the Indian Council of Agricultural 
Besearch and development work was started, based on these sur- 
veys. Eegulated markets providing fair and open sales, where 
market changes are contrt)lled, were estalilisbed under the Madras 
Commercial Crops Market Act of 1933, for cotton at Tirupur in 
1936, and extended in 1939 for groundnut in South Arcot, cotton 
in Adoni and Nandyal, tobacco in Guntur and Vijayavada and further 
in 1949-.')0 for cotton and groundnut in Bellary, Coimbatore and 
Anantapur districts and coconut and its products and arecanut in 
Malabar and South Kanara. Under the Agricultural Produce 
Grading and Marking Act of India, 1937, grade standards were 
introduced in Madras for tobacco, rice, oranges, mangv>e8, eggs, 
edible oil and ghee, to help both in internal and international trade. 
Among other items of work done by the section are the supply of 
marketing intdligence, standardization of weights and measures, 
fixation of standards of quality, conditions of warehousing and 
storage, co-operative marketing and helping growers and the trade 
to find markets for their produce internally and in ex^rt trade. 
To extend the scope of its work more intimately into the districts, 
the marketing section was reorganised in June 1948, with regional 
Assistant Marketing Officers in charge of a group of districts with 
headquarters at Kakinada, Coimbatore, Cuddapah and Tiruejur*- 
palli, 
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Agricultural Hbsearch Stations. 

As already mentioned, the Agricultural Itesearch Stations 
established by the department were intended to investigate the 
suitability and application to local conditions of the results of 
research obtained by the specialists. During the past fifty years, 
58 research stations have been opened, some of them designed for 
the purpose of studying local farming problems and some for tiie 
study of particular croi»s. A list of the research stations so far 
opened, of whicli 42 are now in existence, is given below : — 


Agricultural Research Stations in Madras, 


Serliil oumber 
and name of 
dlftrict. 


Name of atatlouM. 


^earin Yeir in 
wlilc'h which 
op wed. clcsed. 


Pr.inary object or 
c.'opi dealt with. 


(i) 

(2) 

(8) 

(4) 

1 East Godavari . 

. Samalkota 

1902 


2 Sontti Aroot 

Palur 

1909 


8 Malabar 

Tatiparamba . . 



4 Coimbatore 

Central farm . . 

1906 


9 Bollary 

Uagnri 

1906 


9 Tirunelveli 

, KoUpatti 

1901 


7 Kurn(x>l 

. Nandyal 

19(H3 


8 \nftntapuf 

. Hindupur 

1901 

1911 

0 Gbingleput 

. Attur 

1906 

1908 

10 Krishna 

Vijayavada 

1908 

19)2 

11 Ooinihatore 

Sugarcane breeding 

101-.: 

1925 

12 Viaaktiapataam 

. . Anakapalle .. 

1913 


13 Kurnool 

. , Slrvcl 

1911 

1022 

3 4 Taojore 

Manmoallur 

Pa<lay breeding 

station. 

1912 

1922 

19 Coimbatore 

1913 


16 Bellary 

Bantanahal 

1910 

1922 

17 South Kutiara 

.. NUeshw.ir No. I (Pib- 
c<»de) 

1916 

V 

18 Do. 

Do. No. 11. 

1916 

r 

10 I>o. 

Do. No. III. 

1916 

. J 

20 Do. 

. . Kasaragoil 

1916 


21 Ktigiris 

. . Nanjanail 

1917 


22 Coimbatore 

Anaimalai 

1917 

1923 

S3 South Arcot 

Paiakuppam 

1926 

1986 

24 Kelloiv 

. . tlngole cattle breeding 
atiit . on, .C'hiii uidevi 

1918 

1932 

29 North Arcut 

. . Oudiyathain 

ri9l8 

\1930 

1923 

29 Mlgirii 

. . Pomologies 1 Station, 
Ooonoor 

1919 

•• 

27 Do 

. . Frilt Station, Kaliar. 

1919 

. \ 

28 Do. 

. , Do. Burbar 

1919 


20 Coimbatore 

. . Colton breeding 

1922 



atatlou. 


(5) 

.Sugarcane and paddy. 

Oroundnut, tugarcane and 
paddy. 

Originally for pepper. 

Mizt’d farm aftached to 
Research Institute and 
Agacultnral College. 

Cotton, millets and dry 
farming practlcea. 

Cotton and mltleta. 

Do. 

Agave plar.tation. 

Paddy 

Do. 

Suaarcane. Tran.ftrred to 
ti>e c5ontrol of Uovtrnmeut 
of India. 

Sugarcane and paddy. 

To study agricultural 

? rublein8 eou meted with 
clugod project 
Paddy 
Do 

Sheep rearing a i.d seed faim. 


Coconuts- 


Do. Tran^fcrrcil to Oov- 
erument of India. 

Potatoes 

('aiubodia 

(ir(»undnut 

Ongole breed of cattle. 


Sugarcane, do. 


HiU fruiU. 
Cotton. 


90 Ountur 
81 Tanjore 
89 (Huitar 

98 Coimbatore 

94 Salem 

99 West Godavari 

99 Malabar .. 

9T Ootmbalors 

99 OMOanJamdieUkt. 


90 Sontb Areoi 

40 Ti&loro 

41 Oiiddapab . 


49 Bottirf 


Guntur 

1922 

. , 

Millets, tobacco and chillies. 

Aduthorai 

1922 


Pad ly. 

Bufthloe breeding 

1928 

1932 

.... 

station. 

Millet bn^eding 

1923 


Millets. 

•taUoni. 

llorar cattle farm . . 

1924 

1938 

.... 

Maruteni 

1925 

. , 

Paddy. 

PatUmbi 

1927 


Do. 

Betal-wtne station. 
Vallidur. 

1926 

1929 

Investigation of betelvine 
diseases. 

Berhampore (now in 

1932 

1987 

Paddy, 

Orrisa State) 

Tlndlvanani 

1936 


Groundnuts. 

PaUttkkottal 

1935 

, , 

Paddy. 

Fruit Research Sta 

1986 

. . 

Fruits of the plains. 

Uon. Kodiir. 

Simgappa . . 

1937 

• • 

Irrigation experiments for 
Tungabbadrn Pro)ss4. 
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Serial number 
and name of 
dietriet. 

Name of stations. 

Tear In 
which 
opened. 

Tear in 

which 

oloeed. 

Primary obleot or 
crops dealt with. 

(1) 

(8) 

(8) 

(4) 

(6) 

48 Tirunehreli 

. . Ambasamndrani . . 

1887 


Peddy. 

44 KeUore 

. . Bnohtreddipaiayam. 

1887 

• • 

Do. 

44 Ohtnglepot .. 

. . Tirurkuppam 

1848 

• 4 

Do. 

46 Soath Kanara 

• • Mangalore . . 

1848 

• • 

Dow 

47 Salem 

. . Palaee sub-station. 

1848 


Pulses. 


Dliarmaparl« 




48 Vliakhapatnam 

. . Pulses Sttb-ftatton, 

1848 


Do. 


VlJ.iyaoagaram. 




48 Gnntor 

. . Madhaveram fariD« 

1846 

1060 

College farm on lenee. New 


Agricultural Col- 
lege. BapaUa. 



farm opened In 1960. 

^0 VJaakbapatnam 
41 Malabar 

. . Arakku ValUey . . \ 
.. Wynad 

1946 

• • 

Land ImproTement. 

48 NUgifls 

AgrIouUnial Be- 

1043 

1840 

Kngllsh vegetables. 


seaiob Station, 
Wellington. 




43 Chittoor . . 

. . Kalabasti 

1084 

, , 

Demonstration farm. 

44 Vtealdiapatnam 

Narasapatnam . . 'I 




46 Oontur 

« . Ongole . . . . < 

1948 


B^loual research stations 
w millets. 

56 North Arcot 

67 Timebtaappalli 

.. Tlrappattnr •« r 

.• Arlyaittr .. ..J 




Propaganda and Demonstration. 

The research work done at Coimbatore and in the regional 
stations by the Crop Specialists is only the first step. When 
the suggested improvements are found applicable to any local area 
or crop, the work of spreading them to the cultivators in villages 
is entrusted to the district staff consisting of Agricultural Demon- 
strators, under the guidance of District Agricultural Officers and 
Deputy Directors. The propaganda methods adopted by the district 
staff fall under the following heads: — 

(1) Propaganda in the villages accompanied wliere possible, 
by demonstration in ryots’ fields. 

(2) Publicity through departmental publications, villagers’ 
calendar, journals, press notes, radio talks, posters, etc. 

(3) Exhibitions and shows. 

(4) Contact with ryots through village and taluk agricultural 
associations. 

The nature and extent of activities in these and other lines 
of extension service, depended on the kind of the improvement, 
and the local conditions and are described in detail elsewhere in 
this book. Experience has shown that the best way of spreading 
improvements is by actual demonstration of the suggested methods 
on the fields belonging to the cultivators themselves. The ryots 
are then able to see the improvement under their own conditions 
and satisfy themselves about the advantages of the methods 
recommended for adoption. 

l%e officer-in-oharge of agricnltnre for endi taluk is the Agri- 
cultural Demonstrator. Formerly one Demonstrator was in charge 
of two or ^ree taluks but now the department has one for eadi 
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taluk, assisted by a staff of fieldmen and demonstration maistris. 
The fieldmen are trained by the department and are now provided 
at the rate of one for every two or three firkas, to supervise the 
work of trained maistris who have local experience and who are 
employed at about one for each firka. Dej)ots have been provided 
at the rate of one or two per taluk to stock, for sale, and agricultural 
requirements like improved seeds, manures, implements, etc. The 
Demonstrators work under District Agricultural OfiScers who work 
in close co-operation with the Keveniie Department, and are also 
attached to the Collectors of the district from the year 1941. To 
control the work of the District Agricultural Officers, Deputy 
Directors of Agriculture have been appointed for groups of districts, 
called circles. Their number has been varying. Between 1906 
and 1914 there were only two circles, north and south, with 
headquarters at Bellary and Tiruchirappalli. From 1914 a central 
circle was added at St. Thomas Mount. In 1910, the circles were 
increased from three to seven, with Assistant Directors of Agri- 
culture for every tw^o or three districts, and a sei)arate Deputy 
Director, one for livestock and another for the planting districts. 
Between 1921 and 1928, tliere were eight circles, but this number 
was reduc('d to three in 1938, and to two in 1911, as a measure 
of retrencliment. During 1911, the number of Assistant Directors 
w^as increased to provide an officer for each district re-named as 
District Agricultural Officers from 1911. Diirnig the war jieriod 
the number s>f l)eput\ Direci(>rs was again raised to eight. The 
Deputy Directors have also control over the agricultural stations 
in the district. At present (1950) there are eight circles with 
headquarters as follow s : — 

(1) Visakhapatnam (Nortli and South N’isakhapatnam), 

(2) Eluru (East and West Godavari aiui Krishna), 

(3) Ciuntur ((luntur, Kurnool and Xellore), 

(4) (’uddapah (Cuddapah, Bellary, Aiiaiitapur and Chittoor), 

(5) Tanjore (South Arcot, Tanjore and Tiruchirappalli), 

(G) Madurai (Madurai, Kamanathapuram and Tirunelvcli) , 

(7) Vellore (North Arcot, Salem and Chingleput), and 

(8) Coimbatore (South Kunara, Malabar, Coimbatore and 
Nilgiris). 

During the war, when imiK)rts of lice from Burma and the 
Far East stopped, there was an urgent need to increase food pro- 
duction to meet the requirements of the State, and several schemes 
m the Grow More Food campaign w-ere started for the purpose. 
Ute depaitment was therefore further expanded and State Trading 
Schemes were taken up for supply of artificial manures, oil-cakes 
and iron and steel to the ryots. From the year 1943, certain 
schemes, under Post-war Reconstruction were also taken up for 
execution. Special staff was also employ td for seed development 
work and for plant jMX)tection, 



CHAPTER 2. 

OEOP IMPROVEMENT. 

History of crop improvement— Methods and technique— Selection— 
Hybridization — Cytoiogicai studies — Hormones — ^Vernaiiza- 

tion — Other factors — Statistics in crop improvement— Organi- 
zation for the supply of pure seed. 

Plants and mankind. — Swift, (lie famous English satirist, aptly 
said that " whoever could make two ears of corn or two bljdeb of 
gr-asd grow upon a s])ot of land where only one grew before, would 
deserve better of mankind and do more essential service to liis 
country than the whole race of {xiliticians put together Man 
has intimately associated himself with plants from time immemorial 
and has been continuously exploiting all the natural resources of 
plants for selfish ends. He has, in addition, hastened up by arti- 
ficial methods, many processes, to imitate which Nature would 
ordinarily have taken many decades. To-day, he has a wealth of 
food crops, commercial crops, fruit crops, forage crops, green 
manure crops, building timbers and medicinal plants at his disposal, 
to meet his wants. Adverse conditions .set up by nature like 
famine, floods, frost, gale, pests and diseases as well as unfavourable 
international relations like war and monetary exchange have given 
further impetus to maximise crop production and to in ike a c.mntry 
self-sufficient. In all these cases, plant selection and improvements 
in general agronomic practices have played a vital role in increasing 
the crop yields. Classical examples arc (a) sugar beet and sweet 
hipdin in Europe whose evolution was necessitated bj’ war condi- 
tions and (b) disease rc.si,staiit potato varieties evolved as a result 
of potato famine in Europe caused by the fungal disease, Phytoph- 
thora infestans. 

History of crop improvement . — Ever since the inception of life, 
both plants and animals w'ere being subject to constant natural 
selection and only the fittest survived. As a result of this age-long 
prwess, multitudes, of living forms have developed. Man who 
came into the picture only recently, depended for his existence 
on what nature could give him, like nuts, fruits and flesh. With 
the gradual increase of human population, competition was set up 
and man began to exploit both animafs and plants for his own use. 
As food from animals was not always assured, plants which 
answered the purpose equally well, were preferred, as an alterna- 
tive. Thus, in addition to natural selection, human selection also 
gradually played a part in the evolution of plants and in the final 
establishment of agricultural crops. Wild plants were domesticated 
and plants producing quick and large yields were ' selected By 
Boch a domestication, the wild grasses gradtially became the familiar 
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food crops like rice, wheat, sorghum, bajra, ragi and ienai exten- 
sively cultivated to-day. Other cultural methods like ploughing, 
harrowing and weeding were later adopted to grow better crops 
on the same fields. Mew crops like chilli, tobacco, groundnut, 
potato and maize were introduced by travellers and explorers 
through the trade routes from foreign countries. 

Methods of crop improvemetit — Breeding , — Plant breeding is 
in most languages synonymous with the word ‘ selection ’ and, 
indeed, the principle of selection lies at the root of all systems of 
plant improvement. Some sort of selection has been practised, 
consciously or unconsciously, by plant cultivators since the very 
earliest times. The art of ‘ pollination * was known to the ancient 
Jigyptians and was exercised in the case of date palm, where the 
oest forms were chosen for furnishing the pollen. Even to-day, 
many vegetable growers and florists collect and preserve seed by 
carefully selecting each year the best and most sturdy plants as 
seed bearers and thus build up excellent types of vegetables and 
novel flower plants. In the case of crops too, a good number of 
local varieties are known in rice, cotton, sorghum and wheat which 
are raised by the cultivators from seed carefully selected. Plant 
breeders liave taken advantage of the wide variations, met with in 
the various crops and have either isolated a number of promising 
strains by selection or synthesized new strains through hybridi- 
zation. There is one other method of crop improvement, viz., 

* Plant introduction ’ wdiicU has met with remarkable success in 
many countries. Outstanding examples are the American cotton 
in India and the soyabean in America. On account of such success- 
ful introductions, this item is figuring in ail crop-breeding 
programmes. Breeding is both a science and an art and a thorough 
knowledge of the biological sciences is required for solving prob- 
lems of crop improvement and plant introduction. The knowledge 
should cover {a) genetic and cytogenetic principles, (h) characteris- 
tics of the crop to be improved including its w'ild relatives; (c) 
information regarding the needs of the grower; (d) special technique 
required for the solution of particular problems : (f) nature of 
disease and jiests and (/) principles of field-plot techniques. 

The existence of a close relationship between the mode of 
reproduction of a crop and the methods of breeding has been well 
recognized and accepted. Crop plants may be placed in asexual or 
sexual group according to their mode of reproduction. 

The most important crop plants belonging to the asexual group 
are potatoes, sugarcane, sweet potato, tapioca, pepper, cardamom 
and bananas. Many horticultural plants grown for ornamental 
purposes or for flowers also belong to this group. The majority 
of fruit plants like pineapples, mangoes, citrus, apples and jujube 
are propagated by asexual methods of grafting, cutting, layering, 
budding, planting tubers or bulbs. Although this is the normat 
method in commercial propagation, reproduction by sexual means 
has occurred in asexnally propagated varieties at one time or other 
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in the history of their development. But sports or mutations axe 
frequent in the vegetatively propagated plants and they serve as a 
valuable source of new and useful varieties. The methods of breeding 
the asexual group maj be summarised broadly as follows : — (o) 
systematic survey of material, (b) improvement by clonal selection 
and (c) breeding plants normally propagated sexually by sexual 
methods. 

Plants Iwlonging to the sexual gi'oup may be subdivided into 
(1) naturally self-pollinated, (2) often cross-pollinated, (3) naturally 
CTOss-pollinated and (4) dioecious groups. The naturally self- 
pollinated groups sliow le.ss than four per cent, of cross-pollination 
as in the case of barley, wlieat, oats, tobacco, potatoes, rice, flax, 
peas, beans, soybeans, cow-pea, bengalgram and ragi. In the often 
cross-pollinated group though self-pollination is more frequent than 
cr 08 s-|)ollination, prevention of cross-pollination by suitable methods 
ie necessary in maintaining the, purity of the varieties. Crops 
belonging to this group are cotton, sorghum and redgram. A good 
number of irniKW'tant crop plants like maize, bajra, onion, mustard, 
cabbage, beetsugar and sunflower come under the naturally cross- 
pollinated group. This grouj) is composed of plauhs having widely 
different modes of ^wllination. In the case of maize where cross- 
fertilization is the rule, seeds set freely when artificial self-pollination 
is practised. Cross-jwllinatiou is carried out in nature in this crop 
exclusively through the agency of wind. Then there are many plants 
adapted to insect pollination where cross-pollination under noimnl 
conditions is essential to seed production. In the same flower, the 
essential organs like stamens tthe male jKirtion of the flower) and 
the pistil (the female fiortion of the flower) may mature at different 
periods. In certain plants like cabbage, tobacco and {xitato where 
the self-pollen is sterile, eross-polliuation is the rule. The 
important crop plants of the dioecious group are hemp, date, 
palmyra and spinacli. In these cases it is necessary to select both 
male and female plants for determining the breeding value of parti- 
cular parents. 

The effects of self-ixillination in the four groups mentioned 
above are different. In naturally self-pollinated crops, self-fertili- 
sation leads rapidly to genetic purity of the line and the progeny 
of individual plants will breed true. Self-pollination does not lead 
to loss of vigour in the often cross-pollinated plants like cotton. 
There is a rapid reduction in vigour in the naturally cross-pollinated 
group of plants. The extent of reduction of vigour is not however 
the same in all lines. 

Heterosis or hybrid vigour noticed in many plants was recorded 
even as early as the eighteenth century by Kolereuter. The first 
generation hybrid is invariably more vigorous than the parents. A 
clear understanding of this phenomenon was the outcome of genetic 
research undertaken on the study of the effects of self-fertilization 
in croBS-poIUnated plants. Hybrid vigour is of value both in 
understanding evolution and in its appCcation to plant breeding 
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and variouB explanations have been formulated from time to time. 
Heterosis has been shown to be a phase of quantitative inheritance 
governed by the Mendelian principles. Eecent physiological studies 
on heterosis have indicated that the hybrid approached the better 
parent in its measure of physiological efiiciency. The manifesta- 
tion of heterosis varies with the nature of hybrids and arises out of 
different causes. The hypothesis of the complementary action of 
growth genes is the most accepted genetic explanation. To the 
plant breeder the explanation offered by Jones on the basis of partial 
dominance of linked growth factors has served as a good working 
basis for crop improvement programmes. In India, heterosis has 
been studied on crops like maize, brinjal, bajra, cotton and rice. 
Heterosis has great commercial iKissibilities in the case of plants 
which can be propagated asexually. In maize, by crossing suitable 
high yielding parent lines, the yield of the first generation has been 
maximised to a considerable degree. Such exploitation of hybrid 
vigour on a commercial basis will be possible in crops bearing Iriiits 
having a \ery large nunilier of seeds per fruit and vvliere crosf^ing 
on a mass scale will he easy and cheap through special technique. 

The methods of bri eding in sexually propagated plants are 
divided into (a) mass selection, (b) pedigree selection and (c) 
hybridization involving straight selection of recombinations, 
backcrossing, heterosis and convergent improvements. 

The method of mass selection as now praclihcd in sclf-polhiiatt d 
crops IS chiefly a matter of ‘ rogueing ’ (removal of all the ' oth 
t>pes ' from the main t}pe which coUbtitutes the hulk) or of 
selecting the be'^t of the individual plants or heads from a 
commercial standard variety and sowing them ‘ ea ue/.s.st(/ ’ in a 
plot for seed pur{x)ses. This method is practised to a small e^xtent 
even to tins day in many countries. Since the mi]>ruveinenl arhievefl 
is vni) of a temporal) nature, selection should be practised evtay 
year to maintain the standard of the bulk. In cToss-pollinated 
plants, mass selection is of great value as a means of selecting and 
developing types suited to particular environmental factors. 

‘ Grim dalfalfa ’ m Minnesota (U.S.A.) is a product ot such mass 
selection. 

More varieties of self-poll mated crops have been obtained liy the 
pedigree method than In other methods. Most conmiercial varie- 
ties are mixtures of different biotyi>es, isolated by selection methods. 
They are the result of natural crossing, mutation or mecdiamcal 
mixing. The theory of “ pure line selection ’’ w^as first put on a 
firm scientific basis by Johannsen. Since then, the isolation of 
pure lines has become the first step in all lireeding programmes and 
crop improvement by other nif^thods are c»>nsidered only after tlie 
[lORsibilities by pure line selection are exhausted. For all practical 
jmrjxises, the pure line theory furnishes a sound [)asis for the 
isolation of types which differ appreciably in heiitable characters but 
whose progenies in self-pollinated crops bred relatively true. Muta- 
tions d(! occur and minor mutations of non-defective type are fairly 

a,m,— 2 
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frequent although not sufiBciently large to be of major selection 
value. Outstanding improvements have been obtained in yield, 
lu resistance to drought, pests, and diseases and in quality by the 
pure Une method in India and abroad. Scane of the be^ l^wn 
illustrations of this method of selection in cross-pollinated crops 
are the ear-to-row selection practised within com, increase of sugar 
content in sugar beet and improvement of potatoes and asparagus. 

Although simple pure line selection metliod has made substan- 
tial contribution towards crop improvement, it will not be possible 
to progress further after a certain stage. The object of crossing 
is to combine in one variety the desirable characters of two or more 
lines, varieties or species. Occasionally, recombination of genetic 
factors leads to the production of new desirable characters not IouikI 
in either of the parents. The first extensive studies on hybridi- 
zation were made as early as 1760 by the botanist Kolreuter on 
lobacco. 

Later, Knight Gartner and others studied crosses in various 
Clops. After the end of the nineteenth century, a scientific way of 
using plant hybridization was discovered by the Austrian monk 
Gregor Mendel. He studied individual plant characters and placed 
his results on a definite factor basis. He found how the characters 
in ]ilaiits and animals were passed on to the ofT-spring in the same 
or recombined forms. Although the laws of inheritance as under- 
stood to-day are much more complex than those presented by 
Mendel and although the expression of characters is denendent upon 
the interaction of many genetic factors, the results of his work 
liave found ver\ wide application. Professor Bitten in England 
was one of the first to realise that laws of heredity c.'uld be used 
in practical plant breeding. He developed a new strain of wheat 
called ‘ Little Joss ’ combining the yellow rust resistance (*f Kiissian 
wheat and the quality of the English wheat. The Mendclian 
method with suitable modifications has been widely adopted in all 
later crop imjirovement programmes of all countries except possibly 
in Kussia. Iti recent years, it has been enlarged to include breeding 
<■01 resistance to pests, diseases, frost, drought or lodging and for 
improving the (lU’.lit^ like protein, vitamin or enzyme contents. 
A goed collection and study of all available material are necessary 
in hybridization programmes. Vavilov and his co-workers liave 
demonstrated the value of expeditions for the collection of useful 
pl-int material — wild and cultivate.!— and for the study of their 
\Arialnliiy. Such expeditions for p’ant collections have been 
liirgely crgaiusod since then by all progiessive comtries. Wlien 
sulTicienl knewiedge is gathered in the value and utility of 
characters spotted in the collections, a programme of crossing with 
a definite purpose in view is drawn up. It is not always easy to 
wake crosses and obtain successful hybrids. Hence in the crossing 
programme, it is very necessary to have a thorough knowledge of 
tlw rn'iilcs of pr.ll nation, compatibility and various tiotanical aspects 
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of the crops. Among the seveml methods of breeding, self-polli- 
nated crops through hybridization, the pedigree method, the bulk 
method, the back-cross method and the multiple cross method are 
finding 'wide application. 

In the pedigree method, a cross if- made between two selected 
parents and in the subsequent generations the individual plants 
are sludted. A retKird containing the behaviour of the iu'iivulual 
families through successive generations is maintained. When the 
progeny becomes pure for the various characters studied, the 
produce is bulked, and released as an improved type for distribution. 

The bulk method consists of growing the material in bulk plots 
from sect iid k sixth generation and seiection applied fp m the suth 
generation onwards. 

The backcross method is used primarily when it is desired to 
transfer one or two simply inherited characters of the non-recurrent 
parent to the recurrent parent which is usually a highly iiiqiroved 
variety or a cultivated type. In this method, the FI is crossed 
again to one of the parents (recurrent pareiit), if necessary a 
number of times, in order that new tyjies combining a majority of 
factors from the recurrent parent with few desirable genes from 
the other parent (iion-recurrent) can he got. Hack cross technique 
has been successfully applied in evolving melons resistant to 
mildew', rust resistant wheat, corn types with tender pericarp and 
blackarm resistant varieties of cotton. In interspecific hybridiza- 
tion of cotton, the back cross technique is of great value in oter- 
coming not only the sterility barrier but also in the transferring of 
factors from Asiatic to the American cottons. A number of useful 
selections have been synthesised by crossing Asiatic and American 
cottons in India by applying this technique. 

The method of multiple crosses w'as first suggested by Harland 
and Martini in 1940. If eight varieties are desired to be combined 
a series of bridging crosses are made as follows : a x b, c xd, e x f, 
gxh. In the second mating, the FI plants will be crossed to pro- 
duce double crosses (axb) x (cxd); and (exf) x (gxhi. In this 
mating, the double crosses will again be combined as follows ; 
[(axb) X (cxd)] x [exf) x (gxh)]. Since segregation takes 
place at the time when second and third matings are made, a large 
number of crosses have to be made at each stage. By this procedure, 
unusual combinations and exceptional segregates are'obtained. After 
this crossing, a large population will have to be tested cither by 
pedigree or bulk method. The method is now used with various 
modidoations in the case of maize in America. 

In recent years, a good amount of work has been done on 
assessing the combining ability of crosses. Not all crosses give 
promising results. Investigations made on maize show, that when 
two high-yielding lines are crossed, the first generation is vigorous 
and ^lifi^ uid conversely when low-yielding lines are cross^. the 
hybrid gives only poor 3 rieldB. The combining ability of tlie 
parents is tiiowfore an important index in the planning of all 
ctoasiiig programmes. 

AJK— 2a 
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Hybridization within the varieties of a species, may not always 
give sufficient scope for maximum crop improvement. It may be 
necessary to cross two dil^erent species of a genus nr even two 
different genera of plant kingdom. Interi^pecifio and intergwxeric 
crosses have attracted the attention of various workers throughout 
the world, both from the point of plant breeding and of taxonomy. 
The characters present in the allied wild species, are often of great 
value, and attempts are being made to introdupe them in the culti- 
vated types. This is exemplified iu the case of cotton, where 
immunity to the pink boll worm is found in one of the American 
wild cottons, viz., G. thurberi. Breeding by interspecific hybridi- 
zation, is very complicated and a knowledge of genetics and 
cytology of the crop is essential for planning out a proper pro- 
gramme of crossing. It is difficult to effect successful crosses I'l 
many cases and the hybrids obtained may exhibit sterility in vary- 
ing degrees. In some cases the parents differ in the number of 
chromosomes, which are the organs responsible for the trausferen*^ 
of most of the hereditary characters of the plant and which are of 
a definite number for each species. These organs take the form of 
minute thread-like bodies witliin the nucleus of the ceil and can be 
distinguished only at the time of cell division with the aid ot a 
high power microscope. These minute bodies range from as iow 
as three in certain plants to more than 50 in certain species. B«acb 
chromosome preserves its identity during the whole life of the plant 
and is the carrier of a particular group of hereditary characters. 
Each chromosome is different from all the others iu tlie factors 
they carry, in shape, size and other respects. In the reproductive 
cells of a normal plant (the male pollen cells and the female egg 
cells), the chromosome number is usually half that found in tfie 
vegetative or somatic cells. The reduction takes place at the 
reproductive phase, when the ceils differentiate into pollen and egg 
cells. When fertilisation is effected by the union of male and 
female nuclei, a new cell containing twice as many but not the 
same chromosomes, as the reproductive cells is formed. The 
multiplication of such cells gives rise to new individuals. 

In the case of interspecific hybrids effected with different 
species, the parental chromosomes being in many respecds unlike 
though same in number, fail to pair and give rise to irregularity in 
the division of the reproductive ceils. This leads to considerable 
sterility due to non-viability of the genei-ative cells. In the case of 
interspecific crosses where the parental chromosomes differ in 
number, further complication arises during the division stages. It 
is on the above grounds that many interspecific crosses attempted 
by earlier workers have been abandoned or declared as waste of 
time. Besidts of practical value have nevertheless been obtained 
when the cytogenetics of the crops are properly understood. 
Notable examples are crosses between (a) Mexican Potato (Soln- 
num demissuni) and domestic types, (b) Triticum vulgare and 
Yaroslai) emmer — T. diooccum (in wheat) and (c) Saochmum tpmu 
taneum and 8. offidmrum (in sugarcane). The battier of sterility 
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in rnterspeciiSc hybrids has been overcome by back-crossing and l)V 
aiiiphidiploidy. In all cases, chromosome balance is required for 
obtaining fertile progenies. To illustrate a back-cross example in 
cotton, the cultivated Asiatic species have 13 chromosomes in ‘he 
reproductive cells while the cultivated Americans have 26 chromo- 
somes. The interspecific hybrid with 39 chromosoiaes occasionally 
sets seed when back-crossed to the American parent and gives 
progenies with 52 and 65 chromosomes. The 52 chromosome 
plants are fully fertile, show regular pairing of chromosomes in the 
meiotic division and readily cross with cultivated American 
cottons. Amphidiploidy means a process by which the resultant 
hybrid possesses a complete set of the somatic chromosomes of l)oth 
the parental species. In this case, doubling can take place either 
by the union of unreduced gametes known as gametic doubling or 
by doubling in the somatic cells known as somatic doubling. Since 
the hybrid possesses double the number of parental chromosomes 
and since each chromosome has a partner, there is regular pairing 
and the hybrid is fertile. Thus, if A A represents the somatic com- 
plement of chromosomes in one parent and BB in the other, the 
ordinary hybrid will have the somatic constitution AB. Since the 
chromosomes of A and B sets cannot pair, the hybrid is sterile. 
When doubling takes place in the hybrid, the fertile amphidiploid 
will have the constitution AABB. I^conomic varieties have so far 
been obtained only from wheal-rye hybrids repiesenting inter- 
generic hybridization. 

The chromosomes found in the reproductive cells are the haploid 
number while those present in the somatic cells are called diploid 
number. In the case of Asiatic cotton, 13 is the haploid and 26 
is the diploid numlier while in rice, 12 is the haploid and 24 is the 
diploid number. If a plant arises directly from a gamete without’ 
fertilization by some method, the resulting plant will have only the 
haploid number of chromosomes in the somatic cells. These are 
called haploids. Many such haploid plants are repcjrted in various 
genera as in rice, tobacco, mustard, cotton, wheat, maize, toma- 
toes, etc. The first reported case was in Datura by Blackeslee and 
his co-workers in 1922. The haploids are usually small, highly 
sterile and occasionally give rise to diploid progeny when self- 
pollinated. Such diploids are of great genetical value since they 
are perfectly pure. Sometimes, the somatic cells instead of show- 
ing the diploid number of chromosomes show double tl^e number 
and the plants are then called tetraploids, as these have four times 
the number found in the reproductive ceWs of normal diploids. 
Tetraploids have been reported in a good number of crop plants 
like the, bengalgram, sorghum, cotton, chilli, mustard, tomatoes, 
tobacco, bajra, wheat, etc. Such plants are usually large in size 
and exhibit indifferent fertility. They possess many advantages 
like wider adaptability and a greater range of crossability. When 
a diploid and a tetraploid are crossed, the resulting plant will have 
three sets of chromosomes in the Ixidy cells and the plant is then 
called triploid. Many of the cnllivated apples, pears and banana 
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are triploide. In the case of crop plants, the frost-hardy variety 
of potatoes was a triploid. Like the tetraploids, the triploida are 
vigorous, show high degree of sterility but can be crossed occa- 
sionally with their parent types for obtaining fertile progenies. 
Other polyploid numbers like pentaploids, hexaploids, octoploids, 
etc., having respectively five times, six times and eight times the 
haploid chromosome numbers have been reported in a number of 
plants. In general, two types of polyploids known as auto and 
allo-polyploids are distinguished. In the case of the former, the 
polyploid arises through the duplication of chromosome number in 
a pure species, while in the latter it arises from a hybrid between 
two different species. For example, in the case of cotton the 
tetraploid obtained by doubling the chromosome number of 
6f. herbaceum or G. arboreum is called auto-tetraploid , while the 
tetraploid obtained from the hybrid G. herbaceum x G. arboreum 
is called allo-tetraploid. Both auto and allo-polyploids have 
played their part in the establishment of new sjwcies in nature. 
Evidences are on hand to show that a large number of present day 
cultivated plants have polyploid origin and by gradual differentia- 
tion of chromosomes and natural selection, the polyploids have 
become gradually liighly fertile and are functioning like normal 
diploids. A good number of synthetic polyploids have been obtain- 
ed artificially and the new species so obtained compare favourably 
with the natural species. The use of chromosome duplication in 
the production of fertile, true breeding polyploids leading to the 
creation of new species has proved so promising that special 
methods have been developed to induce chromosome doubling. 
Earlier attempts to induce doubling in the callus tissue by cutting, 
was met with some success in the case of tomato, but this method 
did not prove useful for all the plants. Recently, the production 
of fertile polyploids with the aid of chemicals like colchicine, an 
alkaloid extracted from the roots of Colehicum autumnale, gave 
successful results in a wide range of plants and also sterile inter- 
specific hybrids. In these hybrids the sterility was due to the non- 
homology of chromosomes derived by the parents. Most plant 
breeders have included the creation of polyploid forms in their 
breeding programme for producing greater variability and range of 
crossability, for building up types resistant to frost, drought, pests 
and diseases, and for improving the quality of crops. 

Hormones. — Recently, there is a growing appreciation of the 
significance of a certain group of chemical substances in influencing 
plant development and a realization that simple chromosomal or 
nuclear relationships are not by any means the only deciding factors 
in determining this development. Plant hormones and special 
chemical substances which influence growth are responsible for 
many of the familiar phenomena like geotropic curvatures of stem 
or root or the photoperiodic curvatures of stem and leaves towards 
light. Recent investigations indicate, that all growth processes are 
influenced by growth substances of one kind or another. In coconut 
milk, a numto of such growth substances are found and can 
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used as culture media for small embryos excised from the plant. 
One of the substances prevents root growth, another causes proli- 
feration of the cells and encourages cell division and yet another 
causes cell elongation as opposed to proliferation. The last sub- 
stance is the one, which is responsible for controlling the growth 
of seedlings, stem curvature and many familiar phenomena of 
plant growth. It belongs to a group of substances called auxins 
which have a maximum activity at a dilution of one in 4,000. The 
typical function of auxins is to control growth of seedlings and 
the optimuiii concentrations are different for roots and shoots. 
Without auxins, no elongation takes place. Many agencies like 
X-ray, heat and light afl'ect the auxins content. In the case of 
maize seedlings, ultra-short radio waves reduce the auxin content 
and cause reduced growth, which however is restored when synthe- 
tic auxin is applied ailiflcially. Prom the point of crop improve- 
ment, auxins are useful for inducing root development in stem 
cuttings of plants that are not able to root normally. Most of the 
growtli promoting honnones contain indole-acetic or indole-butyric 
acid in varying concentrations. Commercial patented products like 
‘ Seradix ’ or ‘ Hortomone ’ are now available for large scale 
work. Hormones are also useful in the eradication of troublesome 
weeds. A number of patented weed killers like * Methoxone ’ 
and ‘ Ferrioxone ’ sold in the market will, if successful, go a long 
way in improving the crop yields and reducing the cost of cultiva- 
tion. 

Vemalizalion . — Although most of the characters follow the 
accepted laws of Meudelian inheritance, instances of non-Mendelian 
inheritance have been reported m recent years. The originator of 
this idea is the Russian scientist Lysenko, who propounded the 
theory of * Vernalization ’, according to which growth and de%'e- 
lopiuent are two distinct and separate phenomena capable of 
proceeding independently of each other. Development is supposed 
to take place in stages, each stage requiring a particular combina- 
tion of environmental factors, which may be ■ different for tlie 
different stages. Some of these factors are only required for one 
particular developmental stage and when this stage is completed 
they can be dispensed with altogether. The importance of the 
distinction between growth and development is, that if the factors 
required for the completion of each developmental stage are known 
and can be provided for the reijuisite length of time, all stages 
leading up to reproduction can he effected at any desired time even 
in freshly germinated seedling, without any growth taking place 
at all. Such seedlings when planted out will proceed to reprodu-- 
tive stage without any delay. By applying this principle, Lysenko 
was aide to grow cro^ successfully in new tracts which were previ- 
ously considered unsuitable for cultivation on account of very* short 
growing seasons. Lysenko also proceeded to hybridise forms 
which were late in maturity owing to a delay in one phase, with 
forms delayed in another phase for producing early maturing 
hybrids. He found the progenies of winter wheat plants subjected 
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to partial! vernalization, behaving mainly as spring forms and 
therefore he argued that by suitable ‘ training the hereditary 
nature of the plant or animal could be radically changed without 
recourse to hybridization. Another Russian scientist Miohurin, a 
fruit breeder, advocated the methods of ‘ mentors ’ , which consisted 
of grafting on to a young hybrid in its early growth stages, a acioo 
of an old established variety, whereby it was claimed that the 
hybrid acquired many of the desirable characters of the old variety. 
A great importance is also attached by the Hiohurin-Lysenko school 
to ‘ vegetative hybrids ’. Some of the vegetative hybrids like 
‘ CrataegomespiluB ’ which were later shown to be chimaeras, con- 
sisting of mixed tissues which have undergone no nuclear union, 
were claimed by Russian school as evidence that vegetative hybrids 
could not only be produced but behave in inheritance in exactly the 
same way as true sexual hybrids. The above facts led Russians to 
conclude that the hereditory constitution of a plant or animal is 
not fixed, as supposed by geneticists, but is subject to modification 
under the influence of the environment. The difference between 
the genetic school and the Russian school of thought is funda- 
mental. The geneticists believe that the ‘ genes ’ and all that go 
with them are unchangeable except by such processes known as 
mutation which occurs at random and are not capable of being 
directed or regulated by man. The Russian school telieves that no 
difference exists between the reproductive tissues and the ordinary 
body tissues and changes exercised by the environment on the 
latter are transmitted to the off-spring. These changes could be 
directed and controlled and made to go in whatever direction the 
experimenter desires. So far, there has been no reconciliation 
between these two schools of thought. 

Other accessory factors . — ^In the foregoing pages, an account of 
the crop improvement through evoluting of new varieties and 
treatment of seed, .seedling or plant was outlined. Other measures 
like agricultural practices have also profoundly influenced the crop- 
ping capacity of soils. In such agronomic recommendations cover- 
ing aspects like time of planting, seed-rate, pre and after-culti- 
vation, rotation, manuring, irrigation and mixed cropping, 
substantial yield increases have been registered in most crops and 
put across to the farmers for general adoption. It is well-known 
that early sowing is in general advantageous to many crops and 
helps in minimising pest damage or evading frost and drought. 
Yields appreciate by 60 to 100 per cent in some cases. In cotton, 
early sowing in Coimbatore district has iu>t only increased the 
yields by more than 40 per cent but has also saved two Irrigations 
and rendered possible the planting of sununer snr gb ^ n jn March ; 
at Siruguppa in the Bellary district it has minimised jassid damage ; 
at Palur, the practice has reduced flower shedding and incruMed 
the yield threefold. On the other hand in the Punjab, late sowing 
and close spacing solved the defective opening of cotton bolls, 
otherwise known as ‘ tirak ’. Similarly, close spacing of rainfed 
d>nUce at Guntur helped to dodge thiip dami^e to a small extent 
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threngh early maturity, while in the arid, low rainfall regions of 
Bellary wider spacing was found advantageous in crops like 
sorghum which was enabled to utilize the available moisture in an 
efiG^ient manner. Conservation of soil moisture by bunding has 
improved the yields of crops like sorghum and other cereals, in the 
dry tracts of Bellary in the Madras State and in Bijapur and 
fiholapur in Bombay State. Crop rotations like planting rice after 
groundnut and cotton after groundnut have given better yields than 
cereal after cereal or cotton after cereal. Kemoving plant residue.s 
like sorghum stubbles immediately after harvest, in places like 
Coimbatore have benefited the succeeding cotton crops in the 
experiments conducted in the Madras State. Mixed cropping like 
cotton groundnut or cotton and chillies have been helpful m 
yielding an increase in monetary returns compared to either of the 
two component crops grown in a pure state and has served as a 
cheap insurauce against bad seasons and pest damage. Line and 
ridge planting in the case of most crops have heb^ed in reducing 
after-cultivation expenses and in saving water e8j>ecially during 
periods of water stress. Manurial trials have yielded very valuable 
information regarding the soil and crop recjuirements, suitability of 
different manures, optimum doses and the best time and method 
of applying them. Insufiicieucy of soil moisture is a limiting factor 
in the application of manures under Indian conditions. In 
general, all irrigated zones and rainfed tracts receiving not less 
than 30 inches per annum may with advantage be manured as 
most of the Indian soils are deficient in organic matter and nitrogen. 
The imiMrtauce of manures to step up internal production has been 
welt recognized. The addition of organic matter through ofl'- 
seasonai cultivation of green manure crops not only adds to its 
nitrogen content but also improves the texture of the st)il. 

Statistica in crop improvement . — In crop breeding, agronomy, 
crop sampling studies, and in trials relating to varieties, soils, 
manures, planting dBtes, irrigations, etc., a large volume of infor- 
mation in the shape of figures, is collected. The data have to be 
tabulated and assessed properly without any changes or bias. 
Statistical methods serve such a purpose. The errors arising out 
of faulty layouts and personal observations have to be guarded 
against in estimating the worth of any treatment or any variety. 
For this purpose the experiments should be properly replicated and 
randomised. Fisher and his co-workers have, after carefully con- 
sidering the various agricultural and soil factors normally influen- 
cing the crop performances, recmnroended a number of designs for 
field layout and the statistical method of inteipreting the results in 
breeding studies, quality tests, genetical studies, agronomic enquiries 
or crc^ sampling. The main recommendations made in ^ case of 
breeding studies are (a) selection of plants on the basis of mean 
of tile population, (b) selection of promising combinations 
in hylmd generation crosses on the basis of mean of the replicates 
and (e) st^y of the genotypes in replicated families and progenies, 
^e main object of applying the statistical methods is to separate 
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the hereditary from the eavironmental influeDces and to base uar 
recommendations on a sound basis. The methods of sampling and 
the technique have been standardized in many crops in recent years 
and are being increasii^ly adopted in all kinds of agricultural and 
laboratory research. In genetical studies, statistics have been 
helpful in studying the relationship of the genes in one another 
and in locating the position of the genes on the chromosomes. In 
complicated cases of inheritance, it has been possible to grade the 
segregates into various groups and classify them. By suitable 
statistical tests, the exact nature of inheritance could be known. 
In field survey like crop cutting experiments, statistics have been 
helpful in securing precise information regarding the crop yields. 

Organization of seed supply . — The improved varieties are 
evolved as a result of patient and careful work extending usually 
over a long period of time. These new varieties have to be multi- 
plied and distributed to the farmers for being cultivated on exten- 
sive areas. It is therefore very important that the prc^rties of 
the strains are maintained without deterioration. In order to 
acliieve this object, special organizations are necessary to supervise 
all the multiplication stages of the varieties. In such an arrange- 
ment, it is customary to have primary and secondary seed-farms 
otherwise known as nucleus, inner and outer areas. In all crops, 
the first two stages are strictly controlled by isolating the area and 
in all stages the ofiE-t 3 rpe 8 are scrupulously removed by periodical 
examination of the crop, from sowing to end of processing stages, 
inclusive of bagging the seeds. The variations in methods are 
mostly due to the peculiarities of crops but the underlying principle 
is the same throughout. The State or individual Commodity Com- 
mittees subsidize the seed production by meeting a portion of the 
costs of production or supervision or both. The seeds are tested 
for purity and viability before bagging and sold at competitive rates 
to growers. Seed pr^uction is a vital function of the Agricultumt 
Department and on this function rests the translation of breeding 
research to actual fields. The extent of increases in yield esti- 
mated from crop surveys of new strains, varies from 3.0 to 40 pei 
cent, and the crop sampling work done so far has stq^rted the 
figures. As a consequence, in the case of cotton, the normal yields 
per acre adopted in Season and Crop Beports have been revised 
and upgraded. In other countries there are private organizatiODa 
aiding the State in keeping up the quality of seeds. The ‘ Seeds 
Act ’ controls the production in a pure form. In India, such acts 
though not universal, are passed for controlling one or more com- 
modities. ‘ The Punjab Act ’ covers all crops ; ‘ Cotton Control 
Act ’ in Bombay and Hyderabad, applies to qjecified varieties; 
many States have safeguarded the production of horticultural plants. 
In the larger interests of the country, it is denrable to Ic^slate 
and compel farmers of qiecified areas, to grow only improved 
varieties recommended by the Agrionltnind Department. This step 
alone will contribute by at least five pee cent, in wiping out our 
production deficit. 
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CHAPTER 3. 

KICE {OBYZA SATIVA) 

AiM> xoaes of prodnetton In Madias— CultiTOtion practices— 
Vurieties» introdnction, trials, selection, bjfbridlxatlon— Botany 
and physiology of the rice fdant— Cytogenetic studies-' 
Agronomic, irrigation and manuring experiments— Bice 
Research Stations— Statlonwar lists of strains evolved for each 
locality. 

Tehiga — Vadlu; Tamil — NoUa; Hjuiareae — Bbattas 
Italajralam — ^Mellut Hindustani — ^Dban. 

Kice is one of the very earliest crops to come under cultivation 
and has been known from the dawn of history. Many of our 
ancient scriptures contain descriptions of varieties of rice that are 
to be used in religious offerings. In China, the sowing of rice was 
observed as an important religious ceremony, as early as 5,000 years 
ago. The original home of rice is not known with any certainty; 
all that can be said in the present state of our knowledge is that 
it must* be somewhere in South-East Asia. 

Production and importance . — Rice is one of the most widely 
grown food crops of the world with an annual output of 120,000 to 
130,000 million pounds, a figure that is almost equal to wheat. 
It forms the staple food of about one-third of the world’s population. 
The area under rice in the world is estimated at about 190 million 
acres, of which 96'2 per cent is in Asia, 21 per cent in Africa, 
T6 per cent in America and 0-8 per cent in Europe. The important 
rice-growing countries in Asia are China, India, Japan, Indonesia, 
Burma, Indo-China, Siam and Korea. The production of rice in 
the different countries during the years 1934-^ to 1949 has been 
as follows : — 

Yield of rice fai mtlUon meldc toM 

Comuw. (mpiaHihedby V.A.O.). 


Obina 

1W4-W. 

60*6 

1946. 

40*0 

1947. 

46*9 

1M8. 

40*5 

1049. 

40*2 

India 

29*2 

30*3 

29*8 

28*7 

34*6 

JaiMin 

1P5 

11*0 

11*3 

11*0 

12*2 

Indoneoia 

10.0 

4*7 

0*0 

0*3 

0*0 

Bumia 

7*0 

3*8 

6*4 

6*3 

40 

indo^Ohina 

0-5 

4*3 

4*8 

6*1 

4*0 

Slam (Thailand) 

4*4 

4*0 

6*5 

6*3 

* , 

Koiaa 

* . 

2*4 

2*8 

3*1 

3*2 

Phillipinas 

2-2 

2*2 

2-3 

3-6 

2*0 

Formota 

10 

M 

1*2 

1*5 

1*7 

Plddatan 

11-2 

12*8 

11*8 

11*0 

12*4 

Ofchar aoimtrieci (axohi* 
dingPakiMfcaii), 

VI 

6*2 

1*0 

0*0 

1*0 


1352 

124*0 

1284 

131*4 

133*2 
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These countries can be grouped into surplus countries < like 
Burma, Siam and Indo-Cbina and deficit countries like India, 
Ceylon and Japan. 

In India, the chief rice-growing States are Madras, Bengal, 
Bihar, Madyha Pradesh and Orissa. The average area and 
produetion of rice in the several States of India are given below 


mrnuyM MU. 


AW»<)»jt.0Q0 

Mnei 

(MtS-W). 


1 AMm • • , • 

a a 

Mn 

1,082 

t Wfwt BdngitI 


7>8» 

2,868 

S Bibar 


•,VS8 

2.468 

4 Oriwa 


5,1S6 

1J2M 

5 Madras 

, * 

. . 10,208 

4,241 

6 Bombay 

a a 

2,008 

S21 

7 Madhya Pradaidi . * 

a # 

s.on 

1,041 

1,887 

8 Uttar Pradesh 


7,048 


Among the States, Madras stands first in area and production 
(Plate 4). The area under rice in the different districts of Madras 
for the year 1937-48 is as follows (Plate 3) ; — 


Table showing the average areas in the different districts 
of the States (1947-48). 


Serial imniber and dlitriot. 



IrrlgateA 

Vairrfgnled. 

> Total, 

<1) 




(2) 

(8) 

(4)1 





aC8. 

ACS. 

AOS. 

1 Tanjofo 



• • 

Is251,000 

76,800 

1,827,800 

2 Malabar . « 



a a 

• • 

676,000 

875,000 

3 Vinakhapatnam 


a a 


097,000 

45,900 

742,900 

4 WestQodavari 


• • 

• ♦ 

091,000 

41,400 

782,400 

5 East Qcidavari 


a a 

• a 

888,000 

56,000 

692,000 

9 Chingleput 


a a 

t a 

689,000 

148,000 

672,000 

7 Krishna .. 


• e 


018,000 

16,900 

684,900 

8 South Aroot 


a a 


623,000 

78,800 

606,800 

9 South Kanara 




. . 

689,000 

589,000 

10 North Aroot 




50l»000 

86,000 

587,000 

11 Nellore 




424,000 

19,500 

36,000 

458,600 

12 Guntur 




414,000 

460,000 

13 Ramanathapuram 

a a 


269,000 

180,000 

899,000 

14 Tiruchirappidl] 


• • 


332,000 

40,900 

372,900 

15 Madurai 


a a 


857,000 

9,980 

366,980 

16 Timnelveli 




869^ 

2,140 

361,140 

17 Chittoor . • 




228,000 

24,600 

262,600 

18 Salem 




220,000 

7,200 

227,200 

18 Ooddapah . . 




182,000 

3,040 

185,040 

20 Coimbatore 


a • 


127,006 

1,390 

128,820 

21 Anantimnr. . 

22 Kumool . . 




101, <^0 

1,710 

109,710 




67,000 

10.400 

77,400 

23 BMlary 


a a 


29,400 

2,070 

81,470 

24 The Ntlgiiie 


a • 


•• 

7,060 

7,060 



Total 

a a 


2,964,220 

10,774,««> 


It will be noted that rice is grown in about 11 million acres 
in this State with an annual production of about 4-9 million tons. 

In the State of Madras, four distinct rice-growing zones can be 
distinguished : (1) the West Coast wi^ a very heavy rainfall of 
over 100 inches with undulating land With low hiUs and valleys 
and lat^te soils where rice is grown on terraced fields. On the 
higher slopes, only one crop is raised in a year, but farther down 
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in the valleys , two short crops of rice, one following the other are 
often grown; (2) the central and southern districts (Salem, Coim- 
batore, Madurai, ilamauathapuram and Tirunelveli) with low 
rainfall not exceeding 30 inches from both the south-west and north- 
east mousu<ms, where rice is grown with irrigation from seasonal 
rivers supplemented by water from tanks and wells; (3) the East 
Coast districts with a higher rainfall of 40 inches where nee is 
grown mostly during the north-east monsoon; and (4) the deltaic 
areas of the Godavari, Krishna and Cauvery rivers, where nearly 
iialf the entire rice production of the State is concentrated. Bice is 
grown in -these areas with the aid of an efficient canal irrigation 
system supplemented by rainfall from both the monsoons. The 
area under rice irrigated under different systems is furnished 
below : — 


Area Id millioa 
acres. 

(1) Heavy rainfall conditions prevailing on the West 


Coast (South Kanara and Malabar) •• 1*5 

(2) Low rainfaU conditions . . . . . . 1*8 

(3) Irrigated from tanks, mostly rainfed . . . . 3*5 

(4) Irrigated from canals . . . . . . . . • • 4*0 


Total . . 10*8 


Halfitat , — Kice is ordinanK cultivated us a beua-acjualic crop 
HI Iho tropics and in sub-lropical regions and it can be grown from 
sea level up to an altitude of even 5,0tK) feet. High altitudes and 
low temperatures, however, delay flowering and maturity. It can 
also be raised ou a wide variety of soils, from hVdck clays to sandy 
loams, on light sand, and on gravel and even stony soils. The crop 
can also tolerate a certain degree of acidity in soils. Though 
It can be grown either as a wet or a drv crop, the majority of the 
rice grown in Madras is under the wet system of cultivation. 

Dry culfivaiion . — Kice is grown as a dry land crop in parts of 
Malabar, South Kanara, fiortions of the coastal districts and in 
the Agency tracts of \’isakhapatnani district. In Krishna and 
Godavari districts, rice is sown on dry lands in between row’s of 
redgrani. The variety used is knowm as liudama rice. In Chingle- 
put, Nellore and Kurnool districts the crop is sowui dry, hut treated 
as a wet crop later, when water becomes available in the tanks 
with the onset of the north-east monsocm. In certain parts of 
North Arcot, South Arcot, Chinglepnt and Salem, rice is cultivated 
as 8 garden-land crop under well irrigation. 

Wet rice . — ^This is the most wudely practised system. The 
areas commanded by the irrigation systems of Godavari, Krishna, 
Cauvery, Pennar. Periar and Tambraparni rivers come under this 
category. There are also other minor irrigation systems of small 
rivers and large tanks in several parts of the State where wet 
cultivation is practised. 
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Seasons. — Three dietiuct seasons are recognized for rice in 
Madras — 

iT) The south-west monsoon season — June-September. 

(2) The north-east monsoon season — October-Jauuary. 

(3) Hot weather (spring season) — February-May. ^ 

A hot weather crop of rice is raised between February and 
May in certain special tracts where water facilities are available, 
as for example in the Gkidavari delta. Most of the rice area in 
the State, however, is a single-crop area, where a fairly long 
duration variety of rice is grown. Where sufficient water is avail- 
able, two crops are taken in succession, and in some limited areas 
as m the West Coast and Tiruuelveli even a third crop of rice is 
grown in the same year. Where two crops are raised, one is 
usually of a short duration and the other of a long one. In the 
Cauvery delta and most other double-crop areas, the short dura- 
•ion variety is followed by the long duration variety, but in the 
tiodavari delta, the long duration type comes as the first crop. 

the districts of Taujore and Tiruchirai}palli, the short duration 
first crop is called ■' Kar ” or " Kuruoai ” and the long duration 
(second) crop, “ Samba ”, ” Thaladi ” or ‘ Pishanam ”. In the 
Telugu districts, the first crop which is of a long duration is known 
as the Sarva " and the second crop as ” Dalwa (Plate 5.) 

Preparation of land. — In the wet system, rice is either broad- 
cast or transplanted, but in the heavy soils of the deltaic areas, 
the crop is invariably transplanted. The soil in these areas dries 
very hard after the harvest of the previous rice crop and forms 
deep fissures during the hot summer. The land is, therefore, left 
fallow until irrigation water becomes available, after which the 
fields are flooded, well soaked and then ploughed. If any green 
manure is available it is spread and trampled in. The fields are 
kept flooded and given three or four plough ings until reduced to 
a puddled condition. The fields are then levelled with a levelling 
board and made ready to receive the seedlings. 

Sowing. — Dry seed is sown directly under rain-fed conditions 
while sju-outed seed is sown in the paddle when swamp conditions 
exist. In dry sowing the seed is either sown broadcast and 
covered with a country plough or drilled in lines about nine to 
twelve inches apart and covered by a harrow. In some places 
paddy seed is dibbled in plough furrows at six to nine inch inter- 
vals and covered up by the next furrow. Most of the first-crop 
areas in Ma)al>ar on the We.st Coast, and dry and semi-dry areas 
in other districts are sown dry, with pre-monsoon showers or early 
rains of the south-west monsoon. Direct broadcasting of paddy 
seed under swamp conditions is adopted only when necessitated by 
special local conditions. The seed rate for dry sowings varies 
from 40 to 1(X) pounds per acre, according to the season, soil and 
moisture condition prevailing at the time of sowing. 

Transplanting. — ^The hulk of the rice area in the M&dras State 
is transplanted with seedlings raised in nurseries. The area of 
nursery varies according to local conditions of water-supfdy, ■oil 
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type aad the system of raising seedlings; from 5 to 12 sents of 
uuniei'y axes lor plaulmg one acre. i>ry uurBerieB are uianured 
with the available uaitie manure or penned with sheep or cattle. 
Wet nurseries receive green leaf at thu rate of four to ten thousand 
pounds per acre, in addition to cattle manure. Seedlings grown 
in seven cents of nursery area, sown at three pounds per cent, 
provide the right type of stmdy seedlings fur piautmg one acre, 
SIX inches apart in singles, in dry nurseries, this seed rate has 
to be higher, at four pounds per cent to allow for possible easuai- 
ties later on, as the seedhngs m a diy nursery remain in the held 
much longer than m wet uurseiies. Wet uursenes are pieferred 
in areas where the piautmg tune could be forecast with certainty, 
while dry nurseries are adopted in areas where the receipt of water 
for plaatiug is not so dehnite. beedlmgs m dry nurseries can be 
sept longer in held without detriment to subsequenli yields. 
TIm seedlmgs are kept down in growth by restricUug the water- 
supply, and they get pale and hardy, with congested nudes. When 
tlww seedling? are planted later in a well-puddled held, they 
strike root rapidly and commence tillering. If seedlings m a wet 
nursery are kept for longer than the optimum period, the mter- 
uodes elongate, and such seedlings when planted take a longer 
time to strike root and are aloo poor in tillermg. Hence, in some 
areas, even wet uutxeries are allowed to partially dry up, so as 
to harden them in the same manner as seedlings m dry nurseries. 

Experiments have been conducted on the manuring of seed- 
beds for rice, and they indicate that for good yields it is necessary 
to manure both the nursery and the transplanted helds, but the 
latter is more important. 

Special methods of cultivation . — There are in Madras, some 
sp^ial systems of growing rice, evolved to suit special local con- 
ditions. These are briefly described below : — 

“ Udu ” system of cultivation . — Tliis system is practised in 
certain parts of Tanjore district, where piautmg of the second crop 
is not feasible on account of too much water in the helds daring 
October-November. Seeds of a short-duration (Kuruvai) variety 
are mixed with a long-duration iOttadan) variety in the proportion 
of 3 :1 and sown in the nursery in June. Three ueeks later the 
seedlings are planted in bunches of six to ten per hole to ensure 
the inmtsion of one or two long-duration seedlings m each clump. 
The short-duration variety matures by September, when the long- 
duration type is still in the vegetative stage. The Kuruvai crop 
is harvest^ leaving a long stubble of six to twelve inches and 
the field then flooded. The Kuruvai stubble gets decomposed to 
serve m manure, while the Ottodan plants, though they get topped 
to some extent during the Kuruvai harvest, make a go^ growth' 
aft e rw ar d s . The water is drained off after standing in the field, 
for a WecAr and the rotten Kuruvai atubbles are combed out and 
tti nip ie d in between the Ottodan plants. Thereafter these Ottadan' 
l^abdg' 0am macmaSy aad get ready for harvest by the end at' 
February or eariy in Mardi. 

A.1fr~4 
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“ Kaipad ” system. — This system is practiBed in certam 
salipe auu mai'sby areas of JNortli Malabar, near ' mer mootbs 
subject to tidal influence and needs an intunaie local knowledge 
regarding field levels and ^ tidal movements, iliwly m summer, 
tfie areas proposed for tliis type of cultivation are endosed witb 
wide, strong bunds forming large plots, witk sluioee connected 
by a system of channels. Towards t^ end of the noctii-ea(^ 
monsoon, in October-^ ovember, water is let into these {dote and 
allowed to stand till February to facilitate the decoinjposition of 
iihe pre-existent vegetation. In February or March, thu water is 
drained ofl and the plots are laid out m small mounds about a y wd 
in diameter at the base and two feet high. During the flrst heavy 
rains in next June, all the salts get washed ofl from the mounds. 
The tops of these mounds are then levelled and a handful of 
sprouted seed sown on the top. When the seedlings are a month 
old, the mounds are broken up with a spade in such a way that 
seedlings are removed with a sod of earth and spread all over the 
held to give the appearance of a planted crop. These seedlings 
make go^ growth with the aid of the heavy rains that are receiv^ 
during July-August in Malabar and come to harvest in October. 
The earheads alone are harvested as the water standing in the plots 
cannot be drained by October. The varieties cultivated in these 
“ Kaipad ” areas are : “ Kuthiru ”, ” Kayama ”, ” Bali ”, 

” Bizhome ”, etc. The yields range from 1,500 to 3,000 lb. per 
acre. 

” Kole ” system of cultivation. — This system too is confined 
to the coastal region of Malabar, Cochin and Travancore, on very 
low-lying areas where no cultivation is possible during the regular 
monsoons. Operations commence only by December after the 
cessation of the north-east monsoon, when the water level in these 
areas had gone down sufficiently. First, large plots are formed 
with high bunds and wide channels in between. When Jhe water 
level recedes during December-January, water from the plots is 
baled out into the channels either by manual labour or with the 
aid of pumps wad oil engines. These channels then serve as 
stcHrage places for water. The land is soft and miry and the re- 
quired puddle is secured by mere levelling. Sprouted seed is sown 
in this puddle, the usual varieties beii^ Tnekkan cheera and 
Kamtha okeera with a duration of 90 to 105 days. As ^ mxp 
grows, the water stored in the channels is bal^ bade into we 
plots to serve as irrigation water. 

Itotations . — No regnlur rotations exist in areas where rice is 
cultivated under swamp conditions and the bulk of the area is 
cropped year after year with only rice. However, there is « 
{practice in the northim deltas of tal^ a caidi crop of snmhemp 
or pillipesura for fodder, mr pulses like greengnm car blwAgtam, 
by sowing the s^ds in the standing rioe crop jmit befbre its bar* 
vest. These cateffi crops arn able, to grow with tito residu«l 
o^oisture in the Adds ^t had bemi und(sr setter for n^rly sia 
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months. In certain favoured localities, where the land is rich 
and well-drained with abundant water facilities, sugarcane, 
bananas, betel-vine or turmeric are rotated with rice once in three 
or four years. In areas where the water-supply in summer is not 
sufficient for taking a rice crop, millets like sorghum, bajra, or 
ragi, or oilseed crops like sesamum or groundnut or cotton are 
grown between February and September. Where rice is grown as 
a dry-land crop, it is usual to rotate it with other rain-fed crops 
like sorghum, groundnut or sesamum. Mixed cropping is also 
practised occasionally in certain limited areas, with rice and other 
slow growing crops like redgram or cotton. 

Varietal coUectiotts, introduction and trials . — There are three 
obvious ways of increasing production in any crop, namely, by 
increasing the area under cultivation, by enhancing the acre-yields 
in the area cultivated and by preventing loss during the various 
stages of cropping and storage of the crop. In the case of rice, 

- tt must be admitted that, in spite of all the concessions granted 
by the Government, no spectacular increase has been possible in 
the present stage of irrigation facilities in the Madras State. The 
problem of utilizing uncultivated waste lands for rice cultivation 
18 one that can be solved only by a long-term programme, in rela- 
tion to the various dam projects that are now suggested, though 
it might be possible to convert some single-crop lands into double- 
crop wet lands for rice, with minor improvements here and there 
to existing tanks and irrigation systems. 

Increasing the 3 deld per acre can be done in two ways, by 
using the soil to better advantage with the help of better manures 
and better irrigation and by using high-yielding varieties evolved 
by the Department of Agriculture. Pests and diseases take a 
heavy toll from the potential yield of any crop and rice is no 
exception to this type of loss. Effective measures to prevent the 
loss would help a great deal in increasing rice production but here 
again a permanent remedy would only be the evolution of high- 
yielding disease-resistant strains. For special areas subject to 
floods, drought or alkalinih’, special varieties are needed that are 
capable of giving satisfactory yields under such adverse conditions. 
The Paddy Brewing station at Coimbatore and the several research 
stations in the State are engaged on this vital problem of increasing 
production on a wide front, including all the above lines of investi- 
gation. These are described m the following pages. 

Dnprovement of a crop by breeding comprises the following 
lines : (o) Varietal collection and introduction, (b) pure line selec- 
tion, and (c) hybridization and other methods. The collection 
and maintenance of pure varieties of rice from as many sources 
a^ possible is very important for a successful breeding programme 
and has been followed with great care in the paddy section from 
tts vary ino^tion. The history of every cultme is recorded by 
i simple yet foolproof system devised in the Paddy Breeding Sta- 
turn, ^ere being to date nearly 2,000 types collected from all over 
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India uid other rice-growing countries the wc^. Thif 'mitt* 
‘tthie collection forms, as it were, ihe store hot^ for seleotfog 
'{Mrents of crosses for genetic stupes cur e^omki vaiie^. !lhe 
‘Wealth morphologic^ and econmnic variations avstlahle in this 
it^echom makes it a very valuable training ground for all rice 
breeds. A large number of extracted types, (derived from the 
progenies of crosses) interesting genetic material, wild s^oes and 
'forms cd Oryza sattva are also maintained in this c6tlech<m. 

Introduction of varicUe».-~ka. early attempt to introduce Imeign 
.rice- varieties into Madras may be mentioned. Carolma paddy was 
obtained frmn America and grown in 1868 in the Central Jail, 
Chingleput, b^ the Jail Superintendent, both as a wet and dry 
’■'Oxip. The tnri was continued fisr four seasons and it was found 
tiiat indigenous rice varieties proved better under conditions quite 
;ttitfayonrable for Carolina rice. In later years, a number of Ame- 
rican, Chinese, Japanese and Italian types have also been tried 
.in different seasons in the Paddy section at Coimbatore but none 
Was found good enough to thrive under Coimbatore conditions.' 
jThey come up fairiy well in the first year or so, but soon get Imb 
and less promising in snbsegnent years. Chinese varieties were, 
lon the whole, the most promising amongti; these foreign varieties. 

Amoim successful varieties introdnced into Madras from other 
puts of India may be mentioned the varieties Bosumotht ’* of 
■the Uttar Pradesh and “ Painai ” of Bengal. PatmU is a heavy 
-yielder grown in Coimbatore in the Bhavani Pro|ect area, while 
Bammathi is valued for its aroma and flavour for Btriyani and 
pllied preparations. Another variety called SB. 26B, from Orissa, 
.comes np well in saline areas, (nrials with deep water paddies 
■from Assam and Bengal soch as " Horiaanker ”, ” BaxtA faUr ” 
und " ParUan4a ” were not suocessfttl under the condition avail- 
,able in this State. 

EvoUiUon of strains — By selection. — The rice varieties grown 
in and around (loimbatore district were natnrally ihe first to receive 
attention when the Paddy Breeding Station started in 1918 
at Coiinbatme. Later, the varieties grown in otiter rice arms, 
where the system of cultivation was similar to Coimbatore, were 
taken up. Special snrveys were also made of other wea? and i«e- 
linoinary studies on tiiese varieties were made at Coimbatore. As 
a result of foUowing the m^hod of prcgeny seleotion over a number 
-of years, and testing the fffommiag t^Tpea with greatest osre both 
in the research idations and in cnltivatora' fields, twenty-one strains 
numbered CO 1 to CO 98 (ba^ 00 14. 16 and lt» and Q9B 94 
have been evolved. (Plate 7.) l>ae ip ^ gre^t care talcmi to 
test every new selection before it is refoaied m a idrain, the cnlti- 
^tor has never fonnd bis ponfltdenoo fotsjplapsd fo fpy of tirn 
Paddy section strains. Spepial fosn^Pti puV j»» km pf 
OBB 94, an ootstuidmg sfrf^ pf lugl^ Pppaitity 

and adaptability to a wide wmgc cmiditiipB Wh in 

Madras and in othar titutes. (B||p 1(1.) It 4p he 

^th success in Sierra X«ttne and ia a in Ifysmiii, 






Plate 7 . — Field etxidy oj rice varieties, P, 40 






Plate at tons for rice research, P, 42 
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tp QilbQaoBt every case, increased yield has been the aim in the 
evolution of improved strains. The strains already evolved have 
a^ead over large areas in the different rice growing regions in 
Madras and they give an increase of nev» less than ten per c^t 
Over the local varieties, and often, much higher. In certain tracts, 
a shoi^ duration is required without diminution of yield and it 
has often been found possible to secure an earliness of a week or 
ttm days by pure line selection alone, without detriment to yields. 
In many cases, it has been found that the strains released from 
l^iddy Section possess, in addition to higher yields, other 
ancillary features like uniform ripening, better quality rice, good 
straw, non-shedding grain and disease-resistance. 

An important limitation in selection work, however, is that 
one cannot be sure that a strain suited for one tract, with one 
set of agricultural conditions would be equally suitable for another 
tract where the conditions are somewhat different. It is the 
exception rather than the role that a strain is so adaptable (as for 
example GEB 24), for a wide range of conditions and tracts. It 
is, therefore, necessary that selection of improved strains should 
be carried out in each of the important rice-growing regions of 
the State. With an early realization of this necessity, the expan- 
sion of the Paddy Section work at Coimbatore took shape in the 
opening of a number of regional sub-stations, one in each of the 
important rice tracts of the State. 

At present, rice research is being carried out in the following 
Agriculturri Besearch Stations, besides the Central Station at 
Coimbatore. (Plate 8.) 


. suthm. Uttrlot. 

* 1* StaMilkoUi . • . • . . Eaat Godarart . , 1902 

2* Palixr Sooth Aroot 100$ 

S, Anakapallo Vtsakhapatnam 1912 

A T> a; 


Coifloibatoce, 

Adothorai .. .. Taojore 1921 

f, Maratam • . « . West Godavari 1925 

7. Fattamhl «. Malabar 1927 

Pattukko^ Taojore .. .. 1925 

9« Buohiredfupilayam Nellore 1927 

10. Ambatamodraai .* .. Tmmriveli 1927 

11. Tirorkuppam 1952 

12. Mangalm South Kanara . . . . 1942 


!|)be improved strains evolved in these stations are described in 
the a^teiqent given at the end of this chapter. 

ffghfidtiMitiott.-— The selection of superior stains from 

unsdected ryots’ bulk was |u*aoti8ed as long as it paid. In 1917, 
hybridization work was eommenced in rice in view of its wider 
•OCfte ind greater possibilities for combining desiraUe economic 
mun difEerent' strains. The method, although it did not 
Jieweve this specific result in the mumw that was expected, 
extremely useful from a genetic point of vie# 
f gnal !ipihiiM of fondtuneotal knowledge was gathered oa th^ 
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tnlijeri^aiiod of various charaoteis in rice, inolnding economic 
fi^iBraicters like non-lodging, non-shedding ^ grain and disease 
'resistance. (Plate 9.) 

1016 periodic occurrence of a serious disease, known as the 
' Paddy blast ’ caused by a fungus named Pirieulofia oryza and 
the heavy damage it caused, necessitated the evolution of blast 
resistant straiiu suited for the different rice-growing areas in the 
State. The disease appears as brovrn spots on the leaves with 
ashy-grey centres, which enlarge and coalesce until tiie whc^ leal 
turns brown and shrivels up. On the older plants, the aUack is 
more severe at the nodes and in severe cases the fungus attacks 
the “ neck ” or the spot where the stalk and panicle join. An 
infested field presents a blasted appearance and the crop suffers 
heavy losses. 

Breeding for blast resistance was started in 1927 at the Agricul- 
tural Besearch Station, Aduthurai, and at Coimbatore in 1928. 
Numerous crosses were made between different varieties and their 
progenies tested for resistance to paddy blast over a number of 
generations. On account of the wide disparity in the duration of 
some of the parents used for inter-crossing, special delayed sowings 
had often to be made in order to get the varieties to flower at the 
same time. The strain G£B 24 was used as one of the parents 
in the earher stages of this hybridization work but it was only 
partially resistant to paddy blast and hence another selection GO 4 
(from Gkibichettipalayam Anaikomban) which was much more 
resistant to the disease, was used as a parent for crossing with 
AX>T 10, the premier variety of the Tanjore tract which was 
extremely susceptible to paddy blast. In years when the disease was 
not in evidence in the area where the trials were conducted, it .vas 
a problem to induce the disease for assessing the relative resistance 
of different cultures. Pot culture studies were too limited in scope 
as the results therefrom had again to be confirmed under field 
conditions. High level doses of nitrogenous manures were also 
tried as a means of increasing the susceptibility to the disease and 
ultimately it was found that large-scale artificial infection of 
experimental plots with Piricularia susceptible varieties together 
with heavy nitrogenous manures was the most effective method of 
testing tire resistance of the progenies of crosses. 

As a result of such patient investigations extending over several 
vpars, tonr resistant strains have been evolved, CO and 00 16, 
from crosses between GEB 24 and ADT 10 and CO ^ and CO 26 
from crossM betwemi CO 4 and ADT 10. Gome more KMiiiant 
stivuns that are suited for other tracts and seasons are expected to 
be shcnrtly available for large-scale distributioa. 

An important point that was noted in the oourse this blast 
resistance work was that a resistant 'variety does not rconain resia- 
timt iot all lime, but IweakB down i^tm* some years, due preSnm- 
nUy to the natund Eolation of more virulent i^tidns til tire pati^en 
ter^nsitde for pad^ blast. Tbht fbatnre natorally omnidmates ilie 
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problem stiU former and makes it necessary to pursue the work of 
disease resistance as a more or less permanent feature of any 
programme of rice research. (Plate XO.f 

Breeding for saline resistance. — The occurrence of saline and 
alkahne soils is often a serious im][iedimeut to the extension of rice 
cultivation in some districts Uke Tan jure, TiruchirappalU, Chittoor 
and Madurai, as none of the important nee varieties possesses any 
real tolerance to such an adverse soil condition. A few minor 
varieties are no doubt cultivated in these areas under a popular 
belief of their being able to withstand salinity, but these vaneties 
are as a rule inferior types from the commercial point of view and 
it is, therefore, necessary to resort to hybridization to combine the 
two qualities of salt-tolerance and commercial quality. 

About thirty varieties which had local reputation of being 
resistant to alkalinity were first tested in pot cultures at Coimba- 
tore with varying proportions of alkaline plus normal paddy soil. 
Sixteen bottomless cement tubs measuring 33 x dd x 20 inches were 
imbedded in the field with their top rims projecting a few inches 
above the ground level. These tubs were then filled with equal 
weights of soil of unilorm texture and quality to which was added 
common salt to maintain a concentration of 0 50 per cent and 0-26 
per cent. Eighteen seedlings were grown in each tub, with a 
spacing of four inches between seedlings. Another set of experi- 
ments was conducted in glazed pots without being buried in the 
field, but containing paddy soil with a salt concentration of 0-25 
per cent and ten seedlings per pot. 

These experiments showed that where the drainage was satis- 
factory, the growth also was good, the plants being able to with- 
stand up to 0’26 per cent salt concentration, but when the drainage 
was defective most of the plants succumbed in all except a few 
varieties like Thellathokavadlu, KalUmadayan , Velhakattai, Orka- 
yanta, BaU, Kuthir, Ezhome, Kalarata, Buraraiu and Kare patin. 

Further studies revealed that the Chittoor variety TheUathoka- 
vadlu, a very coarse grained type, was saline-resistant to a high 
degree. Crosses were accordingly made between this type (T 692) 
as the common male parent and some good quality Coimbatiora 
strains like 00 4, CO 10, CO 13, CO 23, and A8D 2104, ASD 1205 
as female parents and from the progenies, 258 salt-resistant cultures 
w«ce selected and purified by 1947. In addition to these, another 
set of 483 fresh selections was also made in 1948 and stodied at 
the Faddy Breeding Station, Coimbatore, as well as in the neigb- 
bourmg ryots’ alkaline fields during 1949. Selections from five 
hybrid bulks of a verv early group of crosses yielded 38 saline 
resistant cultures suitable for testing in typical alkahne tracts of 
the State. Nine Bombay varieties and 35 district varieties were, 
also collated for trial as alkaline resistant types in different 
^»line titaets. Further crosses between T 892 {Thella Thoka 
Vadiu) ,aad longer duration varieties that were reputed to be 
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droujgbt resistant have also been made in 19^ and are now UddeSr 
detailed study. A variety from Orissa SB 26B is found jto do we!& 
in places with moderate amount of salinity as also alkaliuiiy. 

Breeding for flood resUtame . — ^To secure a high-yielding strain 
capable of withstanding submergence for loiw periods* crosses were 
effected in 1932 between GEB 24 and a floating type paddy 
obtained from Burma. The progeny of this cross did not yield 
any promising type. Fresh crosses were made in 1943 between 
“ Kavinginpoothala ” (PTB 16), a variety popular in low-lying 
areas in Malabar and “ Bajakayama ” a i^ort-duration variety of 
South Eanara, a medium-duration culture (No. 10783), and 
“ Kathucanam “ a long-duration variety. these varieties 

were reputed to be able to stand submergence. The F « progenies 
when examined in 1942-43, showed a number of wdd-tiUered, non- 
lodging plants in Kavingittpoothala x Kathumnam crosses, and tall 
platnts with stiff straw in KaeinginpootheUa x No. 10783 crosses. 
Yield trials were made during tlie next season choosing some of 
the most promising cultures from these crosses, and a few' were 
lound to give higher grain and straw yields than the controls. 

At present five cultures in PTB 15 x No. 10783 crosses, 
having the same duration as PTB 15, and tali and stiff straw and 
two cultures from the cross PTB 16 x Bajakayama are under 
trial at Goimbatore and a few other districts. Crosses were made 
between some of the flood-resistant types from Burma and the local 
varieties at Maruteru and promising progenies have been seleeted 
for trial in deep-water areas. 

Croates for special purposes. — Crosses have been made at tlie 
Paddy Brewing Station, Coimbatore, as well as in some of ^e 
sob-stations with the object of evolving a cosme^iitan strain, by 
combining the useful characters existing in different stmins. Thie 
problmn is a complex one and does not admit of any solutioa 
within a short period. A few instances are, however, given to 
indicate the line of investigation that is being followed. 

Grosses were made at Coimbatore to combine the olose-strt; 
{maifle and fineness of the Eolamba strains with GEB 24. One 
culture was w^-bnnehed with good quality rice and » under tt4id 
at luesent. Crosses were also made between wild paddy vmrieties 
and high-yielding strains and a luge number of promiiuog types 
are nader test for drought re^tance. In many oases such crosses 
with wild paddws w«e found to be sterile, espema% m the foiow* 
ing comlumdsmiB 

] OtysasStiva x Oiysta oWdinlis (ISSt) OdnibatOM. 

2‘ ' „ X Oiysa gjabettim* w 

g „ X .. .. ,, n 

4 „ X Qijwt longlaaiiilBsMVttf^^ .. {V^IMmyrn. 

6 „ X Oiyaa iMidva, vw. fataa .. . > „ „ 

f „ X OzyMofikiadbXQtTWddMiifsd. „ CWadiatom. 
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Though sterile, these crosses provided very interesting material 
for cytological studies and helped to extend our knowledge of tho 
taxonomy of rice. 

In the cross between GEB 24 and Oryza longiaLatnimla cerlain 
types wei'e found to 1»e much more drought resistant than GEB 24. 
'L'hese are under trial at Tirurkuppam under the semi-dry condi- 
tions that obtain there for testing their resistance to drought. 

In another cross between “ Bayyahunda ” and “ Oryza span 
\far. fatua,” made at the Kice Research Station, Berhampur (now 
transferred to Orissa State) a few types wlncb were vigorous in 
growth and liad non-shedding grain were isolated. These were 
handed over to the Department of Agriculture, Orissa, when the 
Research Station was transferred. 

In addition to the crosses mentioned al)o\e, a large uuml)er of 
other crosses made between liigb-jielding strains and “ Spon- 
tanea ” forms from other States and other countries are m various 
stages of study. 

A list of strains evolved after hybridization is gi\en with brief 
descriptions in each : — 

Other methods — Mutations in rice — X-ray. — Mutations were 
induced in GEB 24 by subjecting the germinating grains to the 
action of X-rays and a systematic study made in order to isolate 
desirable types among them. Some of these mutatioii.s were gene- 
mutations allecting specific cliaracters like grain size, jiigmenta- 
tion of glumes, awu development and chlorophyll, while others 
were mutations of chromosomes involving partial or complete 
sterility. Some had abnormalities like chlorophyll deficiencies, 
narrower leaves, dwarf habit and dillereut grain shapes. Two 
types of economic value were, however, discovered among the pro- 
geny of X-rayed seeds. One was a dwarf mutant and the other 
consisted of cultures of extra tallness and late habit. The dwarf 
types had a profuse tillering capacity and did not lodge even with 
heavy manuring. One of them. No. 5782, is in demand from the 
1 ice-growing areas of Bellary and Anantapur districts. In the tall 
mutants, the straw yield was higher, but the grain yield was not 
better than GEB 24 and the ripening also was later by a fortnight, 
80 that further study is needed before these tall mutants could be 
utilized as improved strains. 

▲. M .— 6 
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Chemical treatment . — Colchicine treatment of germinating 
paddy seeds idiowed that 01 per cenii tor 24 hours was the opti- 
mum concentration lor inducing tetraploids in rice. Most of such 
tetraploids were however completely sterile and further work is 
being carried out on them at present. Inducing genetic variability 
by means of acenaphthene was another method that was tried in 
rice. Sprouted seeds of GEB. 24 were treated with acenaphthene. 
and kept at 10°C for 60 hours. Similarly, the seed of CO. 13 was 
treated with acenaphthene after soaking m pyrene. One mutant 
which was a week later than the parent was discovered and it gave 
tip to 30 per cent higher yield. Further work is in progress. In 
GEB. 24, three mutants were discovered: one a short <lnr.i'. > • 
type, which was taller and better in tillering than Cii'.It 21 
untreated plants, and the other two later than GE13. 24, taller and 
better tillered, but segregating for a variety of gram sizes. Ji’ur- 
tlier work is in progress on these mutants. 

A list of mutant selections and varieties successfully introduced 
is given in pages 44 and 45. 

Other studies . — As mentioned earlier, a great deal of funds- 
mental knowledge connected with rice has been gathered by various 
workers in the Paddy Section and akso on the inheritance of 
characters in rice. A brief account of this work is given below. 



Evaluation of strains 
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Anthesis . — ^In rice, anthesis or flower opening, ooiainenoes 
shortly after the emergence of the panicle from the enclosing leaf 
sheath, starting from the spikelets at the tip of the panicle and 
proceeding in a succession of irregular waves to the spikelets at 
the base of the panicle. The maximum flowering occurs on the 
second day of panicle emergence and the whole process is com- 
pleted in about a week. Ordinarily, the opening of the glumes in 
rice takes place between 10 a.m. and 12 noon, but in one wild 
species, Oryza latifulia, the glume opening was noted to be from 
6 a.m. to 7 a.m. while in another species, Oryza longistaminata the 
spikelets open from 12 noon to 2 p.ru. 

Self-fertilization is the rule in rice and the percentage of 
natural crossing in ordinary varieties is quite small and varies from 
0-1 to 2-7 jier cent. But it is vei^’ high in some of the glutinous 
rices, going up to 10 per cent. With ordinary precautions, the risk 
of genetic contamination in rice due to “ Vicinisin ” is very small 
indeed. 

Artificial crosstHg . — The technique of crossing adopted by 
difierent workers in different countries is naturally different, but 
the one now in use at Coimbatore has been found to be <juite satis- 
factor}’, being suflicientlv simple and ensures a high percentage of 
setting. A panicle whicli is on the second or third day of blooming 
!8 first selected and after removing all the fertilized spikelets at the 
top, and the spikelets that may not open that day at the bottom, 
it is enclosed in a brown paper bag early in the morning. Due to 
the increase in temperature inside the bag, the glumes start opening 
much earlier in the day and since the anthers are not mature 
enough at the time, they come out and hang without dehiscing. 
These are caught hold of at the filaments by a pair of pointed 
forceps. When the pollen of the other parent is ready it is brought 
and dusted on to the stigmas of each spikelet and the whole panicle 
is kept enclosed in a cloth bag to prevent access to any foreign 
pollen. 

Pollen Tube Studies . — The viability of rice pollen and its 
artificial germination was the subject of an investigation by one 
of the workers in the Paddy Section in 1941. 

Bice pollen germinates on the stigma in about three minutes 
after pollination, and it takes about one hour for the pollen tube 
to enter the embryo sac. The migration of the pollen nuclei into 
the pollen tube occurs ten minutes after ixillination. Bice pollen 
could be successfully preserved for a period of 24 hours at’ 12®C 
and 85 per cent humidity. The content's of the pollen were mi»tly 
carbohydrates and these stream out into the pollen tube on germi- 
nation. The pollen showed the presence of enzymes like diastase, 
pectinase and cellulase, whereas the jiistil showed the presence of 
pectinase only. 

Receptivity of the stigmas in rice . — Four sets of crosses were 
made and utilized for studving (he variations in stigma receptivity 
as measured by the percentage setting in spikelets that were first 
emasculated and then pollinated at different intervals, from the 



MBMOIES OF THE DEPABTMENT OF AOBICULTUIIE, MADIIAS 57 

g ftmA day up to seven days later. The iijain result of the study 
was that rice stigmas maintain their normal receptivity up to three 
days after the natural opening of the glumes, but decline in recep- 
tivity afterwards, until the seventh day when it is completely lost. 
This is helpful to the rice breeder in that when two parental 
types differ in flowering duration by not more than a week, cross 
polhnation may be effected betwen them by bagging the emascu- 
lated spikelets of the earlier variety and pollinating them with the 
latter variety within six days after emasculation, although the 
percentage of grains is apt to life rather low. Again, if unfavourable 
weather sets in soon after emasculation of spikelets to prevent 
immediate cross pollination, it can be safely postponed for two or 
three days, with the certainty of securing the same degree of 
grain-set as by ixillinating on the same day of emasculation. 

Root studies . — Though rice flourishes under aquatic conditions, 
its root system is not of the acquatic type, but requires as much 
aeration as any non-aquatic plant. The roots are of two kinds, 
one long grown and much-branched and the other short, white and 
unbranched, and are arranged in close set rings emerging below 
the nodes. When seedlings are pulled out for planting, most of 
the roots get torn off, but a fresh set of roots is soon fiut forth. 
In fact it has been found that where the seedlings are kept with a 
limited supply of water in the nursery their root development is 
poor but such plants, when planted in a well-manured field with 
plenty of water, strike root much tiuieker than lugger seedlings 
raised with liberal watering. 

The variations in root system are as wide as those observed 
in the aerial (lortions of the rice plant like shoots and panicles. 
Hoot development is also influenced to a high degree by the cultural 
practices that are followed. For example, in a broadcast crop, the 
rooting zone is confined to a few inches near the surface, as the 
seed is only at the surface, whereas in a transplanted crop the 
seedlings are thrust inside the mud and the rooting zone also is 
correspondingly deeper, as a result of wh'ch a jdanted crop is always 
more resistant to lodging than a broadcast crop. 

Between varieties, root development is generally more exten- 
sive in last varieties as compared to short-duration varieties. Varia- 
tions also seem to depend on whether a variety is an upland tyyie 
or a low land type, whether it is a coarse grained variety or a fine 
one and whether the straw is stiff or weak. Boot development is 
also influenced by soil types. It is greater in clay soils than in 
sands or loams. The drainage too has a close relation to root 
development : where it is (oo free, the nxits do not gel sufficient 
oxygen and hence remain poor. Strain GEB 24 is outstanding in 
its rooj development also and has a more profuse root s\ stem than 
any other variety of similar duration. Taller varieties have, as a 
rule, a greater downward as well as lateral spread in their root 
systems. There is als« a definite correlation between tillering 
capacity and root development — ^the greater the tillering, the 
greater being the nx>t system as well. 



68 MEMOIRS OF THE DEPARTMENT OP AORICDliTURB, MADRAS 


Root development in the rice plant is also affeoted by manaring 
practices; nitrogenous fertilisers like ammonium sulphate promote, 
while phosphatic and potassic fertilisers, tend to depress root 
growth. The maximum root development is obtained with applica- 
tion of bulky organic manures like green leaf, oilcakes or cattle 
manure. 

Experiments at Coimbatore have shown that paddy plants do 
not suffer any set-back in growth even when all the roots were 
pruned off before planting the seedlings. 

Developmental studies. — Tillering marks an important phase 
in the development of cereals and particularly in rice. Tillering in 
rice commences alwut two weeks after transplanting and continues 
in full vigour for three to five weeks after, depending on the dura- 
tion of the variety. After reaching a maximum there is a decline 
in tillering due to the death of the late and ill-developed tillers. 
The critical period of tillering, i.e., the stage at which productive 
tillers are formed in sufficient numbers to contribute towards final 
jield, is two to three weeks before (be maximum tillering phase. 
Since tillering is useful only if it results in increased yields, tny 
tiller that does not produce an earbead is only a waste of plant 
food and energy, and all agronomic practices must be so adjusted as 
to encourage the rate of tiller formation as much as jmsible up to 
the critical period of tillering. 

Under normal field conditions the proportion of productive 
tillers to the total number of tillers is more or less constant, irres- 
pective of the number of tillers produced: but this proportion is a 
varietal character being low in long-duration varieties. The mean 
yield per ear and the weight of grain from the different types of 
tillers are also constant. Hence it follows that any increase in the 
mean number of tillers per plant or per unit area helps to increase 
the yield of grain per plant perunit area, and to obtain maximum 
yields the plant must be given optimum conditions for vigorous 
growth in the vital early stages, so as to produce a large number 
of productive tillers before the critical period. 

Ear development . — ^The interval between the completion of 
tillering and commencement of ear formation seems to depend on 
the duration of the variety, being longer in long-duration types, lu 
the case of early varieties and in late-planted crops, ear formation 
commences even before tillering is completed. The interval 
between tillering and ear formation is important in deciding upon 
the best time for applying a quick acting fertiliser like ammonium 
sulphate to the crop. In late varieties like CO 4 and CO 8, of 
over six months duration, the interval between the completion of 
the tillering phase and the commencement of the ear formation is 
over six months’ duration, the interval between the completion of 

Storage of grain . — At the time of harvest, there is usually 
about 16 per cent of moisture in the grain. This goes down to 
10 to 12 per cent when the produce is stored^n ordinary gunny bags, 
and the grain, though not very good for seed j^urposes, is found 
to keep well. But the same grain gets mouldy if stored in ckwed 
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metal bins Jjecause the moisture cannot escape into the atmosphere. 
Hence whatever may be the method of storage that is adopted, it 
is imperative to bring down the moisture to 10 per cent or less by 
adequate drying, before the grain is stored. 

Besting period . — Germination tests conducted at monthly 
intervals at Coimbatore with GEB 24 seed showed that the viability 
remains unimpaired for 13 months after harvest. Afterwards there 
is a steady decline in viability, down to 80 per cent after 24 months’ 
storage. This figure was maintained until 33 months had clasped 
from harvest time. Another strain CO 1 was good for 15 montlrs 
but thereafter dropped to 49 per cent in 24 months’ time. CO 2 
and CO 3 declined in viability after 12 months of storage and 
showed only 24 per cent germination at the end of 24 months. Thus 
a wide range of variation is found to exist among paddy varieties 
in their retention of germination capacity. Generally it is observed 
that the seed that germinates readily after hearvest without a re.sting 
period loses its viability sooner. 

Bate of germination . — It has been observed that while some 
varieties complete their germination within two or three da>s, 
others drag on for nearly a week, GEB 24, for instance, being 
markedly slower in germination than others. Apart from other 
morphological differences, this variation is apparently influenced 
by the thickness of the husk or glumes. Slow and " spread out " 
germination as well as seed dormancy is a wild character and on 
many of the wild rices at the Paddy Breeding Station, the germi- 
nation is observed to be slow and protracted. The seed of .<01110 
wild varieties is capable of remaining dormant in the soil for as 
long as a year. Delayed or defective germination is met with not 
only in old seed but also in fresh seed that has been stored in a 
defective manner, exposed to wet' weather. One method of over- 
coming this difficulty of delayed germination is to give the seed a 
longer period of soaking in water before sowing. 

Batooning in rice . — ^Batooning ability is essentially a varietal 
character. Certain varieties are capable of giving a secondary crop 
when harvested just at the time the grain is ripening and when 
the straw is still somewhat green. In certain limited areas near 
Chingleput where rice is gmwn under tank irrigation the crop is 
harvested by December, the field weeded and irrigated, when the 
stubbles shoot up and give a second crop. A special variety known 
as Uthiri Kar is grow'n for this and is claimed to yield under 
favourable conditions as much as the plant crop itself. 

Observations made at Coimbatore on this ratooning in rice 
have shown that the grain size, duration, plant height and grain 
setting were all less in a ratoon than m the main crop. The viability 
oi seed alone was equal in both. The reduction in size of grain Ts 
sometimes an advantage as a coarse grained variety liecomes more 
acceptable thereby but as a general practice, ratooning is not to be 
advocated ae an economic proposition. 
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Starch and protein formation in the rice grain.— Starch is 
present in large amounts in the early stages of the ovary develop- 
ment in the pericarp layers nad ovary walls. This gets exhaust^ 
as the grain develops. After anthesis, starch becomes evident in 
the endosperm about four days after in cultivated varieties, and six 
days after in wild rices. In both wild and cultivated rices starch is 
noticeable in the embryo on the seventh day after anthesis, but 
whereas the starcli gets exhausted in 16 days in the wild varieties, 
it persists till the ‘20th day in cultivated ones. In glutinous rices, 
starch is deposited only on the ovary wall, the carbohydrate in the 
endosperm and embryo being in the form of dextrin. 

Traces of proteins are detectable in the ovary wall up to the 
fifth or sixth day after anthesis. These however disappear after 
the development of the aleurone and starch cells. One or Jwo 
layers of the endosperm adjacent to the aleurone are rich in proteins. 
In tlie rice embryo tyrosine is the main amino-acid of the protein, 
ft Was observed that the aleurone develops earlier in short dura- 
tion varieties than in the late varieties. Coloured rices appear to 
have thicker aleurone than white rices, and aleurone thickness 
leenis to depend to a large extent on the coarseness of the grain. 
Meurone develofiment is at its maximum in the purple rices and 
in the glutinous types, while the poorest development is found in 
wild rices. Manurial experiments carried out on the same variety 
at four centres have indicated tliat green leaf was conducive to the 
greatest aleurone development, sodium nitrate was the next best, 
while aleurone thickness was the poorest in the plot, that did not 
receive any manure. 

Testf! for fthelled and polished rice. — (1) A five per cent solu- 
tion of caustic soda was run over shelled, once-polished, and twice- 
polished rice. In shelled rice a good yellow develops whereas in 
the }X)lished rice, the reactirm is a light yellow coloration accom- 
panied with gelatinous emulsification. (2) Iodine solution at 0*05 
per cent concentration is rim over the samples for two minutes in 
a watch glass. The jiolished rice gets a deeper and (juicker blue 
since the starch layers .are exposed while the shelled rice remains 
only brown. 

Cytogenetics in rice. — All cultivated varieties of Oryza saiiva 
have a somatic chromosome number of 2n=24. The other culti- 
vated species of Oryzn, O.glaberrima has also the same number. 
Apart from these two species, there are two more species, 0. Stapfi 
and 0. grandiglumg with the same number of 2n=24 chromosomes, 
and" with grains resembling Oryza satipa. A number of other 
species of Oryza have also been studied at the Coimbatore Paddy 
Stetion, namely, O. latifolia, 0. coarctata and 0. eic.hengeri with 
2n=48 chromosomes, and 0. officinalis, 0. perennis f8]|monymons 
with 0. longistaminata, 0. harthii) with 2n=s24 chromosomes. It 
is now agreed, on the basis of data gathered by various workers in 
this field, that in the genua Oryza, the diploid number is 24 and the 
tetraploid number is 48. Only the diploid species are eoonomicatly 
important ami no aneuploid species is knovm. (Plate 11.) 






Halt 11. — Tuh) sperie^ of wild rice. }\ Gl 

.4 -- Oryzn lalt/oliiu B ^ Onjza ca'hefiqeri. 
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At the Coimbatore l*addy Station, varietieB of Oryza saliva have 
been isolated with haploid, triploul, tetraploid and aneuploid 
chromosome cornplementh, in the aneuploid series, nullisomics 
with one or two deficient chromosomes as well as polj somic forms 
were isolated. Of tliese only the tetraploid forms are of any 
potential economic importance, the others having only an academic 
value. The first tetraploid to be obtained m the Paddy Section at 
Coimbatore was an auto- tetraploid from the strain GEB 21 and this 
proved to be a stalile form, breeding true for tetraploidy. The 
changed features in tins polyploid were increase m grain size, reduc- 
tion in fertility and m tillering capacity. Other heritable features 
were not altered markedly. A detailed study of tins auto- tetraploid 
led to the conclusion that from an economic point of view% allo- 
tetraploids and ampliidiploids were more likely to be useful thaa 
aiito-tetraploids. 

Another cytogenetic study of rice at Coimbatore was tliat on 
inter-specfic crosses. As far us is known, all forms of Oryza sahva 
can be intercrossed, with no barriers of incompatibility. Besides, 
Oryza saliva has been crossed successfully with 0. glaherrima, 
0. perentiis\ 0. ofjirinalis and O. eiclieyigeri. Other combinations 
were tried, as in U. lattfoliaxO, officinalis, 0. perennisx 0. eichen-- 
geti, 0, eichengeri xO. hiiijolia, hut without success. It cannot be 
said, however, that these combinations are totally incompatible as 
the ernironinental factors that are conducive to seed setting are 
numerous and it is [M)^^lblt* iliat persistent atteni{its under a different 
set of environmental factor.^ might prove successful. For example 
the cross 0. saliva (GEB 21) xO. perennis w'as accomplished after 
a large lunnber of failures. Another cross between 0. saliva variety 
(Su0ia(las) X 0. perennis failed to set any seed even after repeateff 
attempts. In Japan, the cross 0. saliva xO, miuuta was done 
successfulh , this being perhaps the only interspecies cro.ss recorded 
in rice from work abroad. An intergeneric cross between 0. saliva 
and Leersia he>vandra was attempted at CSoimbatore but without 
success. 

Analysis of these crosses, O. saliva x 0. ylaberrima and 0. safiva 
X 0. perennis gave fertile [irogeny wuth segregation of characters 
in the second and subseipient generations. 0. saliva xO. cichen- 
geri w as completely sterile. O, saliva x 0. officinalis gave a 
sterile hybrid which was again crossed with 0. cichengeri, giving 
a sterile inlersjiecific liybrid. Among the 0. saliva x O.glaber- 
rima crosses, two Italian varieties of 0. saliva were crossed with 
0. glaberrima and gave completely sterile hybrids. In all such 
sterile hybrids, the gametes fail to mature and to function nor- 
mally pointing to the inference that lack of homology in cliromo- 
S9UI08 leads to failure of meiosis. Therefore speciation in Oryza 
has been accompanied by internal changes in chromosomes as well 
as by polyploidy. 

There is another type of crosses where hybrids are sterile. 
When typical Indian rices called Indies types are crossed with 
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typical Japanese rices called Japonica types, the hybrids tend to 
be partially or totally sterile, according to the particular set of 
environmental conditions that exist at the time. Partial sterility 
was observed even when some Indian types were intercrossed 
among themselves. It is thus possible to divide a world collection 
of cultivated rices into different groups with varying grades of 
inter-fertility. This leads to the conclusion that m Otyza sativa 
itself, varietal differentiation has been accompanied by such chro- 
mosomal differentiation as may cause irregularities of meiosis in 
the hybrids. The original hypothesis that 0. saliva could be split 
uj. into tw’o sub-species — japonica and indica may have to be 
modified in the light of the enormous range of differentiation under- 
gone by different rices in different parts of the world. The infer- 
ence that structural differentiation in chromosomes has taken place 
within the species 0. sativa thus appears to he a valid one. 

Inheritance of characters. — Although the breeding of high 
jielding strains is the most important line of activity in any crop 
breeding station, the success of that work depends on an inti- 
mate and extensive knowledge of plant characters and their mode 
of inherjiatice. These characters naturally include not only the 
more apparent morphological characters but also the less evident 
oiievs that are concerned with tlie yields. On account of its vital 
importance, genetic study lias been one of the major items in the 
work of the Paddy Breeding Station, ever since its inception. 
Numerous papers have also l)een published on the inherifance of 
characters in rice ; these are livsted elsew^here and a Kummary of the 
knowledge gained from these studies is given below : — 


Inheritance of characters in rice. 


Part of Plant. 

Characters. 

Nature of laliQrltaDCc. 

Any part of the plant . 

Anthocyan in Pigment (Purple) 

Two complementary 


Chlorophyll deficiencies. 

Green : albino 

genea necegsary. 

3 : 1 and Ifi ; 1. 

Leaf 

Green : Small yellow green 

8 : 1. 


Green ; lutescent 

3 : 1. 


Green : viresoent : albino 

0:3:4. 


Green : Xantha 

3 : 1. 


Green : Yellow . . 

3 : 1 and 15 : 1. 


Green : viresoent 

3 : 1. 


Green : zebra marked . , 

3 : 1 and 25 : 1. 

Leaf sheath 

Purple lining : no lining 

3: 1. 

Leaf axil 

Purple : no colour 

3 : 1 and 0 x 7 


(closely linked 

with stigma 

colour). 


Leaf blade 

Purple colour : green 

3 ! I i 0^ 7 and 
27 : 87. 

Leaf blade 

Hairiness 

Multiple (unpub* 
Ushed). 

Auricle 

Purple ! not purple 

Coloured ; oolourloss 

3 : 1 and 0 : 7. 

Junctura 

3 : 1 and 9 ; 7. 

Intemode 

Purple lining : oolotirless 

3:1. 

Si^elet arrangement . . 

Clustering: intermediate: ordi- 
nary. 

1 !8i 1. 


Loose i compact 

3i 1. 


Kxsertion 

Mul^ida (oi^nib. 
lidMd). 
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Psrt of ploDi. 

Characters. 

Nature of iuheritancc. 

Glumes 

Normal : double glume . . 

Normal : inter : full double 

3 : 1. 

1:2:1. 

Colour of lemma aud 
palea in the young 

stages. 

Green : Gold 

Green : Dirty glumoHi 

Pie-bald distribution : even 

Dirty brown : gold 

Mottling : Intermediate : oven 
dirty (colour inhibitor factor). 

3 : 1.*] (The genes 
3 : 1. 1 form a 

3:1.] multiple 

3 : 1. J series). 
1:2:1. 

Ripening ooloiu* 

Black : Straw 

Straw : Brown 

9 : 7 and 3 : 1. 

3 : 1. 

Stigma . . 

Purple : no puiplo 

3:1 or 9 : 7. 

Pistil 

Normal : Multiple 

3 ; 1. 

Awns 

Presence of awns : no awns 

Multiple (unpuVj- 


lished). 


Character. Genes effect. liatfo. 

Sterility .. Normal : barren atoiilo .. .. 3:1 (barren stonlo 

one pair of chro- 
mosome deficient. 

Sterile: Malc-storile . . . . 3:1. 

Sterile : semi sterile . . . . 3:1. 

Grain size . . Short : long . . 3:1. 

Sho! t : intermodiato : long . . 1:2:1. 

Shedding Mulfiplo (unpiib- 

lishod). 

Small : normal . . 3:1. 

lionnd : Oval . . . . . . 3:1 and 9 : 7. 

Endosperm , . . . Starchy ; gluliiious 3:1. 

Pericarp colour . . Purple (full) : brown . . 9:7. 

Purple : Ktnl : Wh,to . . . . 12:3:1. 

Purple : white . . . . . . 3:1. 

Rod : white . . . . . . 3:1 and 15:1. 

Red: gold 3:1. 

Red : grey : white . . . . 9:3:4. 

Rod : grey J brown . . 3:1. 

White : Gold 3:1. 

Habit of plant • . . . Erect : prostrate , . 3:1. 

Gootropic : Ageotropio . . 3:1. 

Erect ; floating .. .. .. 15:1. 

Spreading : erect . . 3:1. 

Plant stature « • • • Short : tall 3:1 and also multi- 

ple. 

Normal : dwarf 3:1. 

BMowering duration .. Early : intermediate : late 1:2:1. 

Blast rosistanoe . . Resistance : susceptibility . . 3:1 (not definite). 

Scent •• .. .. \on-8cented : scented .. .. 3:1. 

Lodging «. •• «. Lodging : Non-Lodging| .. 3:1. 

VariegatioHr -Vhint variegation was found to he a character 
that is heritable only through the female parent, the male parent 
having no effect in the mheritanco of this character. The irregular 
segregation ratios obtained and the non-random distribution of the 
different kinds of seedlings obtained from gi*ain gathered from 
different tillers on the same parent plant indicate that the plastids 
rather than the. nucleus are the organs concerned in the inherit- 
ance of this character in rice. 

^fbnomic e^rperimenU , — In keeping with its vital importance 
as the main food crop of the State, a great deal of attention has 
been devoted even from the early days of the Agricultural Depar’f- 
ment to the various agronomic asiiects of rice cultivation. A very 
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large number of experiments have been designed and carried ou| 
not only in the Paddy Breeding Station at Coimbatore but also 
in the various Agricultural Kesearch Stations in the different rice- 
crowing regions of the State. These are summarized in the follow- 
ing pages, under convenient sub-heads like, seasons, sowing, trans- 
planting, irrigation, manuring and other cultural operations. 

EJjevL 0} season on duration . — It is of course common knowl- 
edge that va.”ietieB of rice that are suitable for one tract or season 
are always suitable fur a different tract or season. Apart from the 
final yield, the one feature that is very markedly affected by such 
changes is the duration of the life period. Some varieties become 
shorter in duration and others longer. Two broad groups may be 
recognised in rice, namely, those that are time-limited or “ period- 
bound ” and those that are season-bound. Period-bound varieties 
take more or less the same period from sowing to harvest within 
limits, irrespective of the time of the year they are sown or planted, 
n hereas seas^in-bound varieties come to ffuwer and ripen only during 
a particular season, irrespective of when they are sown or planted. 
Most of the short duration Kuruvai varieties of Tanjore district, 
Kar variety of Tirunelveh, Sornavuri of Chingleput and South 
Areot, Garikasannutari of the Godavari delta, belong to the first 
group. A large number of short-duration varieties of three or four 
months’ duration was tested at Coimbatore for this character and 
the majority of them were found to be iieriod-bound , retaining their 
short duration even when grown out of their usual season, though 
there were a few varieties that did change their normal duration 
and ripened later. From the jxiint of view of yield, such out-of- 
season sowings were usually poor. 

As examples of season-bound varieties may be cited the Kayama 
rice of North Malabar whicJi is usually sown in the nursery in 
.April or May. When this was taken to East Coast and sown 'n 
the nursery in June or July, it ripened in the same season as on 
the Wo«t Coast, i.e., in September-October. In addition, while 
it never produces more than four or five tillers in Malabar, it form- 
ed eight or ten tillers in the East Coast. The Konaniani of Goda- 
vari district is a five to six months crop, planted in -Tune and 
barvesleu b,- October-N.jvember. When this variety was planted 
at Coimbatore in .August -Sept cm her, it became shorter in dura- 
tion 'iriJ ripened in" four montlis. Banku is a varier;i of rice 
introduced into Madras from the Madhya Pradesh with a normal 
duration of four months. It gives good yields in two seasons when 
planted eitiier in June-July or October-November. If however it 
is planted in March- April, its duration is very much lengthened 
and does not ripen till October, its normal ripening season, with 
planting in June-July. 

In contrast to the above instances, there are several varieties 
that have proved quite satisfactory when moved from one fraet 
to ano^ier. Thus .the Nellore Samba was first introduced into 
Tanjore from Nellore district where it grew so well that it has now 
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^ead ov«r most of the other Tamil districts. Poombalot or Kar- 
thiga Samba is a variety of Tirunelveli district, which in ijs 
improved form as strain CO 2 of the Paddy section, has now become 
quite a pt^ular variety in the North and South Arcot districts and 
in Ghingleput, Tanjore and Tiruchirappalli districts as well. 

Among the strains evolved by the Department of Agriculture, 
Madras, GEB 24 is a notable example of season-bound rice. 
This strain is a live months variety in Coimbatore when planted 
in July-August and is very popular in the State on account of 
its good yield under varied conditions and high quality of table 
rice. In the Godavari delta, it takes six months to mature as the 
planting time there, is earlier in June-July, and comes to harvest 
at the same month as at Coimbatore. In Malabar, it was a failure 
as a first crop planted in May-June, as it remained without ripen- 
ing long after the local varieties were all harvested and thus be- 
came subject to severe damage by insect pests. It has, how- 
ever, fitted in as a second crop for West Coast conditions, planted 
in October and harvested in January. It is also planted in Decern, 
her in Madurai and harvested in March-April. Two other strains 
evolved at Coimbatore, viz., CO 2 and CO 3 are also similar and 
have fitted in the second-crop season in South Eanara from October 
to January. 

Experiments were conducted from 192.5 to 1929 at Coimbatore 
and Aduthurai to study the effect of planting rice varieties at 
different times of the year. At Coimbatore, the strains GEB 24 
and CO 2 were sown at monthly intervals from June onwards and 
tmnsplanted later under uniform conditions, up to next February. 
GEB 24 was found to give normal yields when sown in any of 
the months July to September. Yields from October and Novem- 
ber sowings were rather variable and uncertain. The November 
sowings, in particular, gave average yields in some years and poor 
yields in others. There was however a definite drop in yields 
from all sowings later than November. January sowings gave 
the poorest yields, while with February sowings the yields were 
poor in general though good in some years, but the duration was 
w prolonged that the practice was not worthwhile. The flower- 
ing too was observed to get progi-essively earlier with sowings from 
June onwards reaching the limit in January and thereafter get- 
ting delayed. 

Strain CO 3. — In this variety, the results were somewhat differ- 
ent. Early sowings in July-August gave high yields, but ^ptem- 
ber sowings gave poor yields. October and November soirings 
gave poorer yields, but there was a slight improvement with 
December sowing while January' and February sowings gave the 
poorest yields. As regards the flowering diu^tion there was a 
8h«M4»iMng op to Ootoher rowing and then a lengthening, 
the Febrnary rowing being Ihe most abnormal in flowering 
durarion. ^ 

A.M.— 6 
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Grsw settiiag was geaerally poorer with late sowings, but ia 
evaluatiug the factors conducive to poor yields the high incidence 
of insect pests in all crops grown out of season must also be taken 
into account. On the whole these experiments showed that for 
securing satisfactory yields under Coimbatore conditions the strain 
GEjB 24 should not 1^ sown later than September, whereas CO 3 
should be sown as early in the season as possible to get the 
maxitniim outturn. It may also be said in general that for getting 
good yields in rice, the sowings should be done early in the season. 
This applies equally to both short dui*ation and long duration itypes. 
While cultmal practices like liberal maniuring and closer planting 
of seedlings might help to mitigate the effect of late sowing, they 
can never replace the advantages of early sowing. 

Sowing practices — Relation between seed rate and survival of 
seedlings in the nursery. — Experiments were conducted at 
Aduthurai in 1931-32 to see if seedlings from thicker sown seed beds 
were more prone to die off on transplanting than those from thin- 
sown seed beds, but no marked difference was noticeable in the 
percentage of survival in the two treatments. 

Seed rate in nursery. — At tlie Samalkota Agricultural Besearch 
Station, a seed rate of 30 “ Eunchams ” (180 pounds) per acre of 
nursery was found to yield 57 per cent more than in the local 
practice of 100 “ Kunchams ” seed rate equivalent to 600 pounds 
piw acre. At Palur (South Arcot district) a seed rate of 2| lb. 
per one cent of nursery area was found to be the best. At Buchi- 
reddipalein (Nellore district) increased yields were secured by plant- 
ing seedlings from a thin-sown nursery at 20 lb. jier acre than from 
a thicker sown nursery of more than 30 lb. per acre. Experi- 
ments at Maruteru (West Godavari district) with nursery seed 
rates of 1|-, 2J, 5 and 7 pounds of seed per cent, in both manured 
and unraanured nurseries, showed that seedlings from a manured 
nursery gave better yields than unman ured. When the seed bed 
is not manured thinner sowings gave higher yields than thicker 
sowings. Thin-sown seedlings in a manured seed bed develop 
nodes earlier than in unmanured seed beds and hence should bo 
planted out at the correct age, but whether manured or nnmanured 
thin-sowing in the nursery is always to be preferred as 
advantageous. 

Ex^riments at Aduthurai have shown that there is no differ- 
ence either in germination or in ultimate yields between well- 
filled and badly filled paddy seed. 

Dry and wet nurseries. — The relative merits of wet and dry 
seed b^s were compared tor three seasons at the Paddy Breeding 
Station, Coimbatore, with two varieties GEB 24 and CO 8. The 
rMults .show^ that there was no appreciable differenoe between 
seedlings from the two kinds .()f pnnseriea, but a similar experi- 
ment at Aduthurai. with three vmieties, gave results in favour of 
dry nurseries, in all the three varieties tri^. At Fattambi (So^ 
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Malabar) a similar experiment during the first crop season did not 
show any difference between the jtwo types of nurseries. ,'At 
Pattukkottai (Tanjore district) seedlings from wet nurseries were 
found to be better than those from dry nurseries in the case of 
short-duration varieties. For long-duration varieties the results 
were inconclusive in the trials conducted from 1945 to 1947. 

Type of seedlings . — To see whether the nature of the seed- 
lings at planting time would affect the subsequent yield, an expei'i- 
ment was carried out at Coimbatore in 1941—42 planting strong 
and tillered, strong but not tillered, and weak seedlings and the 
results sliowed that the conditions of the seedlings at planting 
time did have an effect on the final performance, the healthier 
seedlings giving always the higher yields. 

Age of seedlings . — The jieriod for which rice seedlings can 
stand in the nursery without detriment depends upon a number 
of factors, such as the fertility of the seed bed, the manner of 
preparing it and the nature of the variety that is sown in the seed 
bed. The general accepted rule is that for short-duration varieties, 
the period in the nursery should be short, whereas for long-dura- 
tion varieties it could be longer. One week is allowed in wet 
nurseries for every month of duration of the planted crop. In the 
case of dry nurseries, however, this ^leriod could be longer and 
the seedlings might be left in the nurseries longer than the safe 
limit in wet nurseries. In addition to age, the condition of the 
seedlings is also another point fur planting out, because, more 
than mere age, it is the commencement of node formation that 
makes the seedlings unfit for planting. So long as there is suffi- 
cient room for plants to put forth tillers without forming nodes, 
the age of seedlings dues not affect the crop. In all short-dura- 
tion varieties of less than four months, the seedlings can be trans- 
planted even earlier than three weeks, provided they are well 
grown. Fxperimeuts with different ages of seedlings ranging 
from 25 to 70 days have shown, at Coimbatore, that in the case 
of crops with a duration of five months or less, there was no 
difference in yield by planting seedlings of different ages. When 
seedlings of different ages were planted on the same date, there 
was no difference in the flowering period, but when the planting 
was done on different dates, the earlier the planting the earlier 
was the flowering. It was also noted (in the Central Farm, 
Coinabatore), that with a five and half months’ variety, there was 
no difference in yield between seedlings of different ages from 
25 to 40 days, when such seedlings were from a thick sown seed 
bed. When the seed-beds were sown thin, then the younger 
seedlings gave better yields than older ones. 

At Berhumpur (now in Orissa State) trials with a five-months’ 
crop, Bayyahunda showed no significant difference in yield between 
sellings of 30, 40 and 50 days of age, but the yields diminished 
with seedhngs beyond 50 days. At Pattambi it was noted that 

A.M.— 6a 
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when transplanting was done in the normal s^iecm it did noS 
matter if the seedlings were even 60 days old. Bat where Ihe 
transplanting gets ddayed beyond the normal season, the Med- 
lings should not be more than a montii <dd. 

At Aduthurai, a period of one week in .the nursery fca* every 
month of duration of the variety from sowing to harvest, was ihe 
optimum. At Ambasamudram (Tirunelveli district) it was 
observed in the case of CO 8 Anaikomban that seedlings frmn 
seed beds sown early in the season could be planted up to 66 
days without redaction in yield, but seedlings from late-sown seed 
beds gave always poorer yields irres^tive of their age at jdant- 
ing time. Experiments on similar lines at Palur in South Arcot 
district, showed that there was no difference in yields from seed- 
lings aged 30, 40 and 60 days when planted. At Buchireddi- 
palem in the*Nellore district 60 days seem to be the optimum and 
seedlings aged more than two months gave poorer yields. At 
Samalkota for the variety Konanuini, 25 days-old seedlings gave 
better yields than 35 and 40 days-old ones. Tlie planting experi- 
ments on this station also showed that earlier plantings yielded 
more than late plantings. Neither thick planting nor manuring 
could help to step up the yields in late season planting. Short 
duration varieties suffered more than long-duration ones by late 
planting. 

The general conclusion that can be drawn from all these experi- 
ments is that it is advisable to transplant the seedlings as early 
as possible on the basis of one week in the nursery for one month 
of duration of the crop. Where some delay is unavoidable, how- 
ever, there would be no great harm in keeping the seedlings up to 
60 days in the nursery provided they do not form nodes by then. 

Broadcasting and dibbling . — Experiments at Pattambi daring 
the ffrst crop season did not show any difference in yield between 
broadcasting and dibbling the paddy seed. At Ambasamudram 
dibbling gave as much yield as transplanting though it was very 
much costlier and needed six times the lalmar as transplanting. 
Broadcasting needed very little labour but gave lower yields than 
transplanting or dibbling. At Bochireddipalem, dibbling paddy 
seed that was smeared with cowdung gave a well established crop 
earlier than transplanting. In yield it was on a par with trans- 
planting but was signihcantly better than a broad^t crop. 

Planting . — In rice cultivation transjdanting is the normal 
practice. Nearly four-fifths of the rice grown all over the world 
is transplanted, and in practiciUly all countries where hig h yiel^ 
of rice are recorded, as in Spain, Italy and Japan, transplanting 
is the rule and broadcasting the exception. Broadcasting of rice 
is confiued to tracts where the Season is not definite and the wat^- 
Buprty uncertain. Brilling the crop is repeated to be replacing, as 
in CalifOTnia, the practice of transplanting rice owing to Itdmur 
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shortage. In Italy where too, the labour is costly attempts are 
twing made to design a transplanting machine which would work 
satisfactorily under puddled conditions. The fact remains, how- 
ever, that although the advantages of transplanting are sufficiently 
recognised wherever rice is cultivated, no satisfactory reason has 
been found so far to explain exactly how or why transplanting is 
superior to other methods of growing rice. 

A number of experiments have been carried at various research 
stations on this question and they are summarized below. 

At Berhampur Bice Research Station, it was noted that in 
good seasons broadcast crops yielded as much as transplanted 
crops, but in actual practice weather and seasons are so uncertain 
that an ideal broadcast crop is seldom met with. At Coimbatore 
experiments with varieties of different durations showed that trans- 
planted crops gave better yields than broadcast crops. At Pattambi 
no difference was found in the yields of short duration varieties 
between broadcasting and transplanting but with long duration 
varieties transplanting gave better yields. At Pattukkottai, trials 
with Samba rice from 1930 to 1942 have shown that transplanting 
was definitely superior to broadcasting. 

‘ Topping ’ seedliiufs before planting. — There is a practice of 
catting off a portion of the leaves at planting time when the seed- 
lings are a bit rank and overgrown. Experiments at Aduthurai 
have shown that topping of seedlings at planting time was harmful 
for short duration kuruvai types but had no effect on the long 
duration samba types. Similar trials at the same station on,root 
pruning in 1933 to 1936 have shown that such pruned seedlings 
take a longer time to get established after planting and the yield 
also is considerably depressed. Experiments made here between 
1926-1929 on bunch versus single planting showed that there was 
no difference between the yields from seedlings planted in singles, 
doubles or triples, while bunch planting merely meant so much 
loss of valuable seedlings that could be used for planting a larger 
area. 

Spacing. — An experiment on spacing was continued for eight 
years in succession at the Central Farm, Coimbatore, with two local 
varieties, Sadaisiimba and Chinnasamba, the former being coarser 
grained and earlier by a fortnight than the latter. The spacings 
compared were, singles at four, six and nine inches, doubles at 
nine inches, and trebles at nine inches and 12 inches against the 
local method of close planting in bunches. The results indicated 
that with ^adaisomha in no case was any of the spacings definitely 
better than the local method of planting, in grain yield except 
trebles at 12 inches spacing. The straw yield was definitely poorer 
than the locals in all the plantings. 

A number of studies made on this aspect have indicated that 
spacing has a gr»ter infiuence on the number of tillers developed 
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aiid the size of the earhead than the number of seedlings per hole. 
.In BhoH-duratiun varieties, it is the total number of seedlings 
planted per unit area that influences the total yield rather than 
number of tillers or the sise of earheads. For a given area the 
same number of plants may be planted in two ways, either by 
increasing the number of plants per hole and the space between 
holes or by reducing the space between holes and reducing the 
number of plants per hole. The results of various spacing trials 
show that for early varieties it is better to reduce the number of 
seedlings per hole and plant thent closer. The spacing that is 
best for a particular area must be determined only by trial tmd no 
Herious attention need be paid to the exact number of seedlings 
per bole, although the fewer they are the better. Thus at Aduthurai 
experiments from 1941 to 19 m have shown that for Kuruvai a 
tluree-inch spacing with two seedlings per hole was the optimum 
while for Thaladi, a six-inch spacing with two-three seedlings per 
hole gave the highest yield. For Samba a spacing of 6 inches by 
6 inches or 6 inches by 12 inches were the best. The fewer the 
number of seedlings per hole, the better were the yields. At 
Pattambi, the optimum spacing was six inches between clumps. 
When the spacing was wider, more seedlings were required per 
clump to give the same yield. Extra wide spacings of 18 inches 
and over were definitely uneconomic. At Ambasamn(hram, a 
4 inches by 4 inches spacing gave the best yield in the first crop 
(Kar) irrespective of the number of seedlings that were planted 
in each hole, while 6 inches by 6 inches was the second best. For 
the second crop in this tract (Pishanam) the best spacing was 
6 inches by 6 inches. At Palur planting six inches apart with 
one or two seedlings in each hole gave better yields than planting 
them in bunches of ten or more seedlings. At Marnteru, a wide 
spacing up to 12 inches with four seedlings per hole was advanta- 
geous for Ihe main crop during periods of labour scarcify, but 
where cx>st of labour was not a deciding factor a ctoser spacing of 
six-seven inches with fewer seedlings per bole waa' the best. In 
poorer wnls closer planting is always advisable. At Samalkota, 
single seedlings planted six inches apart gave the highest yields, 
and even manuring did not compensate for the reduction of popula- 
tion in wider spacing. At Bnchireddipalem, clo^ planting with 
an upper limit of eight inches and up to three seedlings per hole 
. gave the best yields. With wider spacings and a larger or smalls 
^number of seedlings per hole, the yields were poorer. 

Spadng and manuring . — A comprehensive experiment was 
conducted at the Faddy Breeding Station in 193S-dS with six 
spacings, and two varieties of five and six months’ durelSon wi^ 
and without maUuring. Manuring included 4,000 lb. leaf. la 
the beginning only three spacings (rf three, six and 12 inches were 
adopted and the yield per unit area was found to be highest with 
the Ihree-inch qatcing. The sn^iiM^ apaoing was onfy sUghtly 
^wer in* yield, but 12 inches ^aoii^ was di^nifely 
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Hence this 12-incb spacing was omitted and three more inter- 
uiediate spacings of 4-}, 7^ and 9 inches were included and the 
experiment continued for two more seasons. 

The general trend of the results was that the optimum spacing 
for a five months’ variety was 4^ to 6 inches. For the six months’ 
variety the best spacing was 4| inches. Both wider spacing and 
manuring increase yields by improving the number and size of ears, 
but the former had the greater effect than manuring. There was 
no differential effect of the manure in the different spacings. One 
interesting feature was that although the average yields at Coimba- 
tore were very much higher than the yields at Berhampur or 
Pattambi, the optimum spacing for long duration varieties -vas 
apparently the same, namely six inches, in all these centres. At 
Maruteru, however, the optimum spacing could be more than six 
inches, as the tillering was definitely better than at Coimbatore. 
Experiments at Pattambi have shown that with close spacing more 
than one seedling per hole reduced the yields, whereas with wider 
spacing, a larger number of seedlings per hole tended to improve 
the jrields. The optimum spacing was 4 inches by 4 inches and 
the yields with all spacings tended to become equal biath in manured 
and unmanured plots. 

It would be clear from the results outlined above that it is not 
possible to lay down any definite rule about the optimum spacing 
for planting rice, as this would vary according to the variety used 
and the fertility of the soil. It can therefore be determined cnly 
by actual trials at the particular centre. While soil and varietal 
differences are clearly defined in relation to different spacings, the 
uniformity of the results obtained for different spacings, from year 
to year at various centres of experiment, would seem to indicate 
that the season has very little influence on the spacing effect. 

Double transplanting . — In certain parts of the Northern Circars, 
where the water-supply is not sufficient to irrigate the entire area 
at the commencement of the planting season, there is a practice of 
first planting out the nursery seedlings very thickly in a small field 
and later of pulling them out and replanting them with the usual 
spacing in the usual fields after the receipt of full water-supply. 
There is a common belief that this system of double planting im- 
proves the yidd, but experiments conducted for two seasons at 
Aduthurai failed to show any difference in yield between normal 
planting and this double planting. At Pattambi too, double plant- 
ing of early sown nurseries of the second crop did not differ in yield 
from the single planted .crop. At Pattukkottai, trials in 1942-44 
showed that normal planting gave better yields than double plant- 
ing. At Marutmi, when the nursery is sown early by the end of 
April, r^^lMttmg after a month of the first planting (with MTU t) 
gave better yields than single planting by the end of June, with 
early sown nurseries. With late sowings towards the end of May, 
th«H» was no difference between single and double planted yields. 
At Buchireddipalcm, it was found that double planting, namely, 



74 IfBMOXBS OF THE DBFABTMSNT OF AOBIOULTURE, MAHEAft 


80 days in the primuy nurs^ and up to 70 days in the secondary 
mnisery, was more economical than single i^anting due to ^ 
uncertain nature of the soutii^west monsoon in these, parts. 

Irrigation— Duty of water for riot . — ^The duty of water is the 
irrigation work which a given quantity of water can perform and 
is usually expressed as the number of acres of a crq> that can be 
irrigated by a continuous flow of water at the rate of one cubic 
foot per second. The duty of water when used to grow a rice crop 
is usually less than when dry ck^ aro grown under irrigation. 
The total quantity of water require by a rice crop grown under 
swamp conditions varies according to the duration of the variety 
grown, the soil on which it' is grown and the nature of the irriga- 
tion whether canal, tank or wells. Experiments were oondooted 
at the Paddy Breeding Station at Coimbatore for two seasons 1032 
to 1934 to determine the total quantity of water required for a 
medium duration variety (.VeUaisaniba CO 3) ripening in 160 days. 
An average duty of 84*8 acre-inches of water was found necessary 
for this crop, including both irrigation and rainfall. 

The quantity of water required by the same variety at diffiscent 
stages of growth is given below : — 


Stage of ofop. 

1 From prepfliration of plota %o planting 

2 From planting to flovmring . . • • • . 

3 From floworiiig to laat irrlgatloii . . 


Aore-tnelMa (Jaaludtag 
irrlgatte and 
lataftll). 


25*6S 

48*T 

10*80 


Total .. M*70 


Effect of varying quantities of water and intervals of irriga- 
tion ,. — ^An experiment was conducted for five years at the Paddy 
Breeding Station, Coimbatore, with the following treatments, two 
inches of irrigation at intervals of three, six and nine days, four 
inches at six, 12 and 18 days, ‘ normal ’ irrigation (i.e., as and 
when required by the look of the crop) during the first month and 
then four inches at 12-day intervals, and ‘ normal ' irrigation 
throu^out the life of the crop as control. It was observed that 
in years when the rainfall was normal or above normal none of 
these various treatments was significantly different from the con- 
trol, but* when the rainfall was below normal, irrigation at the rate 
of two inches in tliree-day intervals or four inches at nx-day inter- 
vals both working out to a duty of 40, gave the best yields. 
However it may be mentioned that the underground seepage WM 
a disturbing fadtor and it was comtluded that for irrigation experi- 
ments small pbts are not suitable. 

Sffact of hUermittent drying and miggtion ot» the yield of 
rice , — five rireatmeuts as given below were tried in dus expu'i- 
ment whidi was carried out from 1946 tu on lywts’ fidids near 
Mettupalayun in connection with investigalkm on malaria 
coDtioi 

(1) Watw to stand in the 1^ lor lenr days eontinuoatiy. 
followed by two days* drying. 
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(2) Water to stand for four days, followed by three days’ 
drying. 

(8) Water to stand for four days, followed by four days’ 
drying. 

(4) Water to stand for four days, followed by five days’ 
drying. 

(6) Control. — Water to stand continuously as practised by 

ryots. 

The results showed that the ryots’ practice was the best it 
gave higher yields than all the other treatments both in grain 
and straw. . 

Garden and wet cultivation of rice. — Two varieties, Kasipichodi 
and Thekhincheera (PTB 10) were tried at Pattanibi, both under 
wet land conditions and garden land conditions, to test the theory 
held in certain quarters that rice crops are best when raised as a 
garden land crop. The result proved beyond doubt that the wet 
system was the best for rice, as the yield obtained from the garden 
method was only a third of that in the wet method. 

A fuller account of irrigation experiments conducted on rice will 
be found in the chapter on. Irrigation. 

Cultural Experiments — Ploughing. — ^Paddy soils, especially the 
heavier clayey types tliat are found in the deltaic areas, are generally 
left fallow after the harvest of paddy until the next season. When 
irrigation water becomes available, the fields are flooded till Ihe 
land is well soaked and then ploughed. A series of experiments 
wmre conducted in the Agricultural Research Stations at Samalkota, 
Maruteru and Aduthurai to know if such lands could be prepared 
earlier by ploughing them soon after harvesting paddy. At Samal- 
kota, the trials were conducted from 1911 to 1915 and showed that 
yields from fields that were ploughed or dug up in a dry condition 
in November were uniformly poorer by 10 to 30 per cent than from 
fields puddled in the usual manner. This reduction in yield could 
not also be corrected by subsequent applications of green leaf and 
bonemeal at puddling time. Dry ploughing during the Tholakari 
(hot weather) season with the help of the early pre-monsoon 
showers was also not beneficial. 

In another* experiment at the same station from 1909 to 1913, 
one portion was cultivated a number of times after the harvest of 
the rice crop and in the nex.t' season, was planted with rice writbout 
puddling and the yields compared with a similar field that was left 
undistunied after the previous rice harvest and paddled later in 
the usual manner. Here too the reeults were uniformly in favour 
of paddling. The increase amounted in some seasons t'o as much 
, as w cent ctf the yields from non-puddled plots. 

^milar experiments were continued in a modified form from 
1928 till 1982, and in these there was an indication that the 
hanafnl effeeta vi dry cultivation could be corrected to some extent 
hy puddling the fields b^ore planting rice. 
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At Aduthurai too, it was found that dry ploughing depressed 
yields by not less than 10 per cent in the first crop though the 
harmful effect disappeared in the following combo crop. On these 
soils the bad effect of dry ploughing could be remedied by applying 
green leaves at 4^000 lb. plus one hundred Weight of .aaper{diospbate 
per acre, but even then the unmanured and puddled plots gave 
better yields than the dry ploughed and manur^ plots. 

On lighter soils as in the sandy loams of Palur, ploughing the 
soil in summer did nut result in any adverse efifeot on the amsoMding 
rice crop. The harmful effect of dry ploughing heavy clay soils 
becomes evident only when rice is grown as a wet crop, but not 
when it is grown as a pure dry crop This was proved by experi- 
ments at Samalkota by digging up in summer one portion in the 
dry land area and leaving it for weathering along with fallow plots 
left without digging. When dry rice was grown on these plots, 
it was found that the yields from dug plots was 26-35 per cent 
higher than in the fallow plots, a result that was just the opposite 
of what was found with wet land rice. 

The second crop problem in the Godtwari deltn . — ^In the Godavari 
delta there is a long interval between the main crop (sanca) 
harvested in October and the second (dalwa) crop that is planted 
in February. This interval could be profitably utilized to grow 
another rice crop as plenty of water is available in the canals for 
eleven months in the year from June to April, but for the fact (hat 
any crop planted earlier than February invariably fails on account 
of severe insect damage and poor growth due to adverse season. 
Fields that are planted late in February suffer from water shortage 
towards harvest time in May. 

This problem of raising an intermediate crop between October 
and February has been under investigation at the Agricultural 
Besearch Station, Samalkota, for a number of years but no satis- 
factory solution has been found possible so far. Three main lines 
were explored in this investigation ; one was to try a large number 
of short duration varieties in Octol^r to see if any of them would 
come up well in the winter months. None was found suitable ra* 
capable of withstanding the adverse seasonal conditions between 
November lo January. A second line of study was to grow a short 
duration crop in the main crop season as done in the south in 
Tanjore and follow it vrith a long duration variety planted in 
Novmnber and harvested in Februa^ or March. *^18 too was a 
failure as ncne of the short duration varieties tried was found 
suitable. A third alternative was to grow a broad cast crop in 
Octdber on the strenj^ of a common TOlief that a broadcast crop 
was less affected by stem borer. This ix» was not a success and 
the problem stUl remains an unsolved c^e, fhoi^h in the present 
Gontmct of widei^ead food shortage a satiafaoi^ eolation would 
be very helpfol. 

Eiectro-euUim sdepenmente.'-^Witli a view to feat ^ dataas 
that were made from time to time ii^Mding Ihe mcreasal yielded 
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im crc^s obtained by “ electro-cultural ” methods of soaking seeds 
in water through which electric sparks had been passed, a series 
of experiments were conducted on rice at the Agricultural Eesearch 
Stations at Pattambi, Aduthurai and Palur from 1939 to 1941 and 
lately at Tirurkuppam in 1946-47. At Patfambi the effects on 
growth and yidd of rice of passing electric sparks on dry seed, on 
sprouted seeds and of soaking l;he seed in sparked water were tried, 
but in none of these was any effect evident. At Aduthurai the 
treatments tried were (1) soaking the seeds in sparked water before 
sprouting, (2) soaking the seed in sparked water and sparking the 
germinat^ seed again before sowing, and (.3) sparking the water 
used for irrigating the planted held, but here again no difference 
was noticeable between these treatments and untreated controls in 
growth or yield. At Palur too, no increase in yield was obtained 
by sparking the seed or the irrigation water. At Tirurkuppam the 
experiments were conducted in a more comprehensive manner, 
tasting the effect of sparking at different stages from the seedling 
to the adult stage. 

The study of the effect of electro-culture on rice was taken up 
in the sornavari season — May to September — as this is the season 
when the number of rainy days and the wetness of soil are 
considerably less than in the other seasons. 

Five one-cent beds for the treated nursery and five one-cent 
beds for the ‘ control ’ nursery, with interspace of 40 feet between 
the two nurseries to obviate the conduction of electric energy using 
a magneto firom the ‘ treated ’ to the ' control ’ nursery, were pre- 
pared. On days of heavy rainfall when the w’hole plot was wet, 
sparking was not done. The seed-beds were manured with 
powder^ groundnut cake at 500 lb. per acre. Seeds of CO 13 
paddy were soaked in separate earthen containers kept over insula- 
tors. The seeds in five of the pots intended for sowing in 
‘ treated ’ beds were sparked for two days and on the third day 
the seeds were sown. The treated seeds were sown after covering 
the hand with rubber gloves. The treated beds were sparked every 
day after irrigation. Qermination and growth in the treated and 
control beds were similar. There was no difference in growth, 
colour and vigour of seedlings in either of the beds. 

Planting was done (i) on a bulk scale in ten-cent plots, (ii) in 
replicated trials the ‘ treated ’ and * control ' beds being arranged 
in ABBA manner, and (iii) in cement tubs kept over insulators. 

Ten cents in the middle of two adjacent plots were prepared 
for planting. The distance between the adjacent plots was over 
80 feet and the distance between the irrigation channel and the 
plot was over 40 feet to obviate the conduction of electricity. Irri- 
gation of the ten-cent plots was done by rubber hose pipes to 
prevent the: water wetting the space between the channel and the 
plot. 

* Treated ’ seedlings after they w«pe pulled out were kept in 
trays placed over rubber sheet serving as insulators and sparked 
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fxka to ^Ukotiog. The plot planted with ' treated ’ aeeiitogs was 
spathed every day, except on days of heavy utafii^, anihl omip 
mH n<rt require irrigation. Ouoe in a way a GOgmr wire connected 
to the magneto was drawn over the seedlings, The * treated ’ and 
‘ contnd ‘ plots did not show any dif^nce in growth. There 
was no difference in flowering either. The plots were huveirted in 
the first weel; of October. The ‘ treated ’ plot gave less yield than 
the ‘ control ' plot. The acre yields of grain and straw from the 
* treated ’ and ‘ contnfl * plots were 2,BM lb., 2,690 lb., 2,915 lb. 
and 8,456 lb. re^kectively. 

For the replicated trial, 24 plots each measnring 20 feet by 10 
feet .were laid out in ABBA manner. As in the case of the bulk 
trial plots the distance between the sob-plots and the distance 
between the irrigation channel and the sub-plots was over 30 feet 
and the irrigation from the channel to the plots was done by 
rubber hose-pipes. Planting was done in doubles with seedlings 
spaced 6 inches by C inches apart. The ‘ treated ’ seedlings were 
sparked prior to planting and the treated beds were sparked every- 
day as in the bulk trial. There was no difference in the growrth of 
seedlings in the ‘ treated ' and ‘ control ' plots. The difference in 
yield in respect of both grain and straw between the ‘ treated ’ 
and ‘ control ’ plots was not statistically significant. 

Twelve tubs were planted with ‘ treated ' seedlings and 12 with 
‘ control ’ seedlings. The treated tubs were sparked every day 
after irrigation. Within two weeks . after planting the treated 
seedlings were so badly affected by electro-culture that the treat* 
ment had to.be stoppM for ten days until the plants recovered. 
The sparking was then resumed and continued till the tubs did not 
require irrigation. The ‘ treated ’ plants came to flower three 
days later than the ' control ’ plants. The yield data show that 
16'9 per cent increase in treated tubs in respect of grain yield is 
statistically significant while 8*9 per cent increase in straw yield is 
not statisticaUy significant. From the results obtained it can be 
concluded that electro-culture on a field scale does not give increased 
yield either in grain or straw though it has some effect on planto 
grown in tubs mounted on insulators. As an aid to practical agn- 
oulture electro-culture is of doubtful value. 

Manuring — {Note. — ^In the following discussion of the resulto of 
different manuring experiments on rice, nitrogen is referred to m 
* N pho^horic acid as'PiO» and poftash’ as 1^0.) 

Experiments conducted on the relative melits of msauriM the 
seed bed, as against manuring of the planted fields at the l^ddy 
Brewing Station, Coimbatore, and the Agncultoral B^nsreh 
Stations at Fattambi, Aduthurai, Budureddipalam and Mara- 
torn havfi lE^wn that manuring the niuseiy idone is not suffimenl, 
as w) offset is seen in the final ^elds Hie j^nted crop even 
wiHi heavy doses of manure in nursnry. For ensuring good 
yieldst Khm raweraring of Hie phmted AiHds alto is quite ewantial. 
(Plato’12,), , ■ . ; 
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Effect of wood ash. — At the Pattambi Eesearch Station, wood 
ash waa applied to nurseries at difierent rates, of 1,000, lb., 2,000 
lb., 8,000 lb. and 4,000 lb. per acre but no difference could be 
notio^ between any of these in the final crop yields, ^ood ash 
applied along with groundnut cake to the planted crop gave signifi- 
cantly higher yields than when applied alone, but wood ash plus 
green leaf manure was not profitable. 

Green manuring — Central Farm, Coimbatore. — ^I’rials with 
various levels of snnnhemp, ranging from 2,000 to 12,000 lb. per 
acre have shown that 4,0(X) lb. is the optimum dose for rice. 

Pattambi. — Green leaf manure was applied in doses ranging 
from 2,000 to 10,000 lb. per acre and a progressive increase in 
yield was noted from 2,000 to 8,000 lb. 

Pattukkoltai. — Here too, green leaf manure was tried from 

2.000 to 10,000 lb. per acre, in combination with boncmeal and 

5.000 lb. per acre was found to be the optimum dose. 

Palur. — Applications of 3,(XK) to 9,000 lb. per acre of Daincha 
were compared with no manure as the control. The optimum dose 
was found to be 6,000 lb. for the early (Kar) season and 9,000 lb 
per acre for the Samba season crop. ^ 

Trials with different kinds of green manures — Paddy Breeding 
Station, Coimbatore (1937-1940). — Three different green manure 
crops Daincha, wild indigo and Sesbania speciosa were tried in 
quantities to supply 15, 30 and 45 lb. of nitrogen per acre. The 
results of three years’ trials did not show any difference between 
the different green manures tried. Croton sparsiflorus , a weed 
commonly found in all waste places, was also found to be a good 
green leaf manure. 

Pattambi.— heayes of mango, Vengai (Pterocarpiis marsu- 
pium Roxb) and Hyptis suaveaolens were tried as green leaf manure 
for rice. There was no difference in yields. 

Samalkota. — Theegapesara , Sesbania speciosa and sunnhemp 
were tried as green manure for four years. No difference was 
noticed between these in the subsequent yields of rice. 

Palur. — There was not much difference in rice yields, due 
to different green manures such as, Daincha, sunnhemp, indigo, 
etc. Erukkam (Calotropis) gave higher yields than other green 
manures. 

Comparison of cattle manure, green leaf and processed green 
leaf— Pattambi — There is no advantage in processing the green leaf 
(by using it as a bedding for cattle as is done in South Kanara) 
as green leaf manure as such is equal to and even better in higher 
doses than processed leaf. 

Groundnut cake, green leaf and cattle manure — Pattambi . — 
Groundnut cake idone or in combination with other organic manures 
gave the highest yield, followed closely by green leaf. 

Pidur , — Green manure at 6,000 lb, per acre resulted in higher 
yield than cattle manure, groundnut haulms or oil cake. 
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Groundnut cake, green leaf, ammonium eidphate in di^erent 
combtnatione — Aduthurm (1941-44).— A oombination of 300 lb. of 
groundnut cake, 4,000 lb. green leaf and 100 lb. of ammonium 
sulidiate gave the best yield in one year and 4,000 lb. green leaf 
plus 100 lb. of ammonium sulphate gave the best yield in aootiier 
year. 

Complex manurial experiment with green leaf, groundnut cake 
ammonium sulphate and super in different combinations — Adu- 
thurai (1943-45). — Higher yields were obtained with higher doses 
of nitrogen, but sixty pounds of nitrogen in Ihe form of groundnut 
c^e and ammonium sulphate, in the proportion of 1 : 1, in combina- 
tion with 60 lb. of phosphate, over a basal dressing of green manure, 
was found to be the best combination. 

Green manure in combination with phosphatic manures — Anaka- 
palle. — Experiments with 01b., 4,0001b., 6,0001b. and 8,0001b. 
doses of green leaf, in combination with either bonemeal or phos- 
phate in doses of 0 lb., 10 lb., 20 lb., PtO» in each case, have 
shown that there was a progressive increase in grain yield as the 
dosage of green leaf was increased, 5,000 lb. giving the best yield. 
In phosphate manure, no marked differences were seen and ^ lb. 
PsOg gave the best yields. 

Satnalkota. — Application of 2 cwt. of superphosphate, in 
combination with green manure at 4,0001b., improved the yield 
by nearly 23 {)er cent over green manures alone. 

Buchireddipalem. — ^Increased yields were obtained with ^hos- 
phatic manures in conjunction with green leaf or groundnut cake, 
than with phosphatic manures alone. 

Palur. — Supplementing green leaf with artificials, such as 
bonemeal with potash or lime and different types of phosphatic 
manures, such as bonemeal, fish guano and Kossier phoB|)hate, did 
not result in any appreciable increase of yields. 

Pattukkottai (1941-44). — Green leaf and superphosphate m 
different doses were tried to get at the optimum dose. In one year, 
8,000 lb. of green leaf with 100 lb. of superphosphate gave the 
max iinnm yield, while in another year 8,000 lb, of green leaf alone 
gave the maximum yield followed by 8,000 lb. of green leaf plus 
50 lb. of superphosphate, la the third year the results were not 
significant. 

Aduthurai (1935-41). — The effect of different doses of green 
leaf alone and in combination with varying quantities of bonemeal 
were studied. The results indicate that 4,000 lb. to 6,000 lb. «if 
green leaf in combination with 50 lb. of bonemeal was the most 
beneficial for rice. 

Organic manures v. fertilizers — Pattamhi. — The effect of nitro- 
gen in the form of organic manures Mid fertilizers was compared. 
The fdlowing treatments were kied ; (1) No numure, (3) cattle 
manure at <5,000 lb., (8) green leaf at 5,000 lb., (4) nicipbos at 
75 lb. per acre, (6) aiotpboe 75 lb. plus Hmamium sulphate to 
rndm up ' N * to ^ lb. per oere. 
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Green leaf and ammonium sulphate were found to be superior 
to other manures. The yield in the case of green leaf was higher 
than that of ammonium sulphate but tlie difference was not signi- 
ficant. 

Oplimum dose of manures— Pattukkottai (1945-50). — To 
determine the economic doses of ammonium sulphate, superphos- 
phate or ammonium phosphate, over a basal dose of green leaf plus 
groundnut cake, an experiment was conducted using different 
combinations of manures. The results were rather varying, out 
indicate that 5,000 lb. of green leaf plus 250 lb. of groundnut cake 
plus 100 lb. of ammonium sulphate plus bonemeal to supply 25 lb. 
of PsO( was the best combination. 

Trials with synthetic farm-yard manure — Aduthurai (1927- 
31). — Synthetic farm-yard manure was prepared out of waste pro- 
ducts hke rice stubbles, hedge cUppings, etc., and was tested against 
loose-box manure and village cattle manure. The results proved 
that synthetic farm-yard manure was the best among the three 
manures used. Another experiment with compost, cattle manure 
and ammonium sulphate in different combinations was conducted 
from 1939-41. Ammonium sulphate applied alone gave the best 
results. 

Paltambi. — Compost manure, cattle manure and green leaf in 
varying doses were compared. Green leaf at 8,000 lb. gave the 
highest yield and was on a par with cattle manure at 20 tons. 
Cattle manure at 10 tons, 4,(X)0 lb. of green leaf and 20 tons 
compost were on a par. 

Sheep manuring — Samalkota. — Sheep manuring-, equivalent to 
the cost of raising a green manure crop, was found to be as useful 
as the latter in respect of grain yield. 

Night soil — Samalkola. — Night soil was found to be as eRic."!- 
cions as farm-yard manure and green manure. 

Molasses experiments — Centra Farm, Coimbatore (1933-38). 
— Molasses at doses varying from 4 to tons per acre was com- 
pared with no manure. The results were not significant and there 
was no residual effect either. 

Aduthurai. — Molasses w’as tried as a manure for rice and 
compared with no manure. During the first year the results were 
not significant. But in the succeeding years plots manured witli 
molasses gave significantly better yields than no manure plots. 

Groundnut husk as manure — Paddy Breeding Station, Coimha- 
tore. — Groundnut husk was applied in different doses. The 
manured plots gave 8 to 9 per cent higher yields over the control 
but the differences were not statistically significant. 

Fish guano— Pattambi. — ^Fish guano was tried as a manure 
for paddy at 2(X) lb. and 400 lb. doses. The results indicated that 
fish ^ano was good for rice, but a dose of 400 lb. was necessary 
to eqwl the effect of 4,000 lb. of green leaf. 

, .iffaiiNdfeoto.— Fish guano was found to be slightly less efficient 

than green leaf. 
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Gingeiiif edke as mmnire — Paddy Braedmt Station, Coimbatore 
(1918-16). — (S^ingelly cake 'was oonq^ared witib gnnmdaiit oaka and 
Qo maxiare. The resoUis showed that on the basis nitrogen 
gingelly cake is quite as efficacious as groundnut cake. But due 
to the high cost of the unit vadne of nitrog^ in gingeUy cake it 
is uneconomical to use it as manure. 

Complex experiment with different oil cakes at four levels.-^ 
Groundnut bake, castor cake and neem cake at 0 lb., 20 lb.. If) lb. 
and 60 lb. ‘ N ’ per acre were compared. The results obtained 
from the trials at chfferent stations are as follows : — 

Paddy Breeding Station, Coimbatore (1942-47).— Neem cake 
was better than the other cakes of groundnut and castor during 
years of drought or inadequate water-supply. In ^neral, there 
was a progressive significant increase in yield with an increase in 
the level of nitrogen. 

Pattambi. — ^Neem cake gave better results than groimdnut 
cake or castor cake. There was a progressive increase in yield 
from 20 to 60 lb. of nitrogen supplied per a<a*e. 

Aduthurai (1943-46). — There was no difference between the 
three types of oil cakes for the same dosage of nitrogen but in 
ail cases the higher the dose of nitrogen the greater was the yield. 

Pattukkottai (1943-45). — For Euravai crops castor cake was 
found to be the best in one year, while neem cake was best in 
the next year. With regard to levels of * N ’, higher doses of 
‘ N ’ gave significantly higher yields. 

Anakapalle. — Trials with groundnut cake, castor cake and 
pungam cake at 0 lb., 20 lb., 40 lb. and 60 lb. of ‘ N ’ per acre 
showed that all cakes were equally good and increased doses of 
cake yielded correspondingly increased yields in paddy. 

Complex experiment with cake, wood'^wh and super-phosphate 
— Pattambi. — Experiments to find out the influence of different 
proportions of ‘ N ’, KjO and PfOs have shown that under 
Pattambi conditions there is very little response to PfOi. A 
combination of leaf, cake and ash gave the maximum yield. 

CAIiOINED BONE 0. BONEMBAB V. SUPERPHOBFATB. 

Paddy Breeding Station, Coimbatore (1943-47)4 — ^The compara- 
tive effect of bonemeal, ^ne-char (calcined bone) and <8Upcr- 
phosphate with a basal dressing of green manure was compared 
with no manure as control. Toe results showed that phoi^liatic 
manures in conjunction with gt-een leaf were better than phos- 
phates alone, ilie calcined bmie d£i mot show any superiority 
over the other two phcfflphatic manures. 

Ambasamudfam.-^-ilalcaned bone, anperpho^hate and bone- 
meal, to supply 25 and BO Ib^ P 1 O 5 pet aare were applted over a 
basal dressing of 5,000 lb. of green leaf pw acre. There was no 
marked difference in yi^ bs^em the different lurms of phoe- 
iffiatic meoures used in this experkaet^*) < ; 

Suchireddipalem.--tC8k^^ bommeei was found to be the 
best of the three manures triM, namdl^ (eahtined hone, bone- 
meal and super) when applied tor an equal basis of 80 lb. of PiCh. 
per acre. 
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Calcined bone v. Raw bone-meal — Aduthurai (1943-46). — There 
was no signilicant diflerence between calcined bone and raw bone- 
meal. 

Pattukkottai (1944-47). — Eaw bonemeal and calcined bone- 
meal were applied in combination with green leal and groundnut 
cake. Calcined bone-meal was found to be as good as raw bone- 
meal. 

Polar (1946-4b). — Kaw bone-meal and calcined bone-meal 
were compared with no manure over a basal application of 6,000 lb. 
of green manure. The results indicated that there was no differ- 
ence between the calcined bone or bone-meal. 

Bone-meal v. bone-jelly — Aduthurai (1933-30). — There was 
no significant difference between bone-meal and bone-jelly as 
manures for rice when tried in combination with green leaf and 
ammonium sulphate. 

Steamed bone-meal v. raw bone-meal — Aduthurai (1941-44).— 
There was no difference between steamed bone-meal and raw bone- 
meal. 

Bone-meal, super-phosphate and ammonium phosphate — 
Pattambi. — The three phosphatic manures ; bone-meal, super-phos- 
phate and ammonium phosphate, to supply 30 lb. PjOs were 
compared on a basal dressing of 4,000 lb. of green leaf per acre. 
Significant increases over no manure were obtained by the applica- 
tion of either green manure or green manure plus PiOs. Differ- 
ences between the various forms of phosphatic manures applied 
were not significant. 

Kossier phosphate — Paddy Brcediny Station, Coimbatore (1931- 
1933). — An experiment to test tlie efficiency of Kossier phosphate, 
a finely ground mineral phosphate containing 30 to 32 £)er cent 
PjOs and 4 per cent * N ’ was conducted for two years. The 
results did not show anything in favour of Kossier phosphate as 
compared to other phosphatic manures. The same experiment was 
conducted at Aduthurai and Pattambi also and the results were 
similar. 

Tetra-phosphate and Trichy-phosphale e-rperiment — Central 
Farm, Coimbatore (1942—13). — The results have shown that tetra- 
phosphate in combination with green manure was superior to 
Trichy-phosphate. 

Ammonium phosphate — Central Farm, Coimbatore (1924-26). — 
Ammonium phosphate to supply 50 lb. ‘ N ’ was applied and com- 
pared with no manure. The treated plots gave significantly higher 
yields over no manure plots. 

Basie silicophosphate — Pattambi. — This phosphate, which was 
said to be good for lime deficient soils, was compared with and 
without a b^l dose of green manure with no manure as control. 
The results did not show any advantage in applying basic silico- 
phoB{diate. 

Hyperphosphate easperimenis. — Two samples of a fine ground, 
commercial phosphate, under the name of Hyperphosphate, which 

am.— 7 
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aitalysed 96/27 aud 26/20 per cent of ?/)« were eompu'ed at 
severarl research statioua sigaiust bone-meal and superphosphate in 
1949-50. Two levels, namely, 30 and 45 lb. of P 2 O 5 per acre 
were tried in all these forms of phosphatic manures ovar a basal 
dressi^ of 5 >000 lb. of green leaf per acre. The results showed 
that in no case was hyperphosphate superior to other forms of 
phosphatic manures at any of the stations it was tried, e.g., at 
Coimbatore, Pattambi, Ambasamudram, Aduthurai or Maruteru. 
A similar experiment was conducted on ryots’ fields, when the 
plots that received bone-meal were found to give higher yields 
than those which received hyperphospliate. 

Manunng the preceding green manure crop with phosphates . — 
Experiments on the direct applicotion of phosphatic manures to 
rice have shown rather variable results. While on loamy soils and 
the less clayey types, these phosphates had a more {vonuunced 
effect than in heavy clays, in general, the increased yields secured 
from {dmsphate apphcations were not commensurate with the 
cost. 

Experiments in other countries have shown that the nitrogen 
content in the soil was higher when the green manure legumes 
were fertilized with phosphates. Experiments have been started 
at the several research stations tp test this aspect and the results 
are awaited. 

Effect of applging ammonium sulphate at different levels of 
‘ N ’ — Paddy Breeding Station, Coimbatore (193B-41). — Ammo- 
nium sulphate at different levels of ‘ E ’ were apfdied at different 
stages of crop growth over a basal dressing of green leaf aud com- 
pared with no manure. From the results it was noted that there 
was a progressive increase in the yield of grain corresponding to 
the increase in dosage of ‘ N ' u^iplied, but when the rainfall is 
above the average, this effect of ammonium sulphate was not in 
evidence. 

Ammonium sulphate v. ammonium nitrate — Mangalore (1048- 
1949). — Ammonium nitrate and ammonium sulphate were compared 
and were found to be equally efficacious. 

Pattambi. — There was no difference between aiumoiiiam 
sulphate and ammonium nitrate for the same level of ‘ N ’ for 
rice. 

Sodium nitrate and ammonium sulphate e4;periments — Paddy 
Brse^ng Station, Coimbatore (1935-87).— Previous field experi- 
ments at Paddy Breeding Station (1926-30) had shown that sodium 
n^ate was not sudb a suitable fertilizer for riee as ammonium 
aidphate. Since it bad been shown that nitrogen was taken up 
bgr tiw liee pfont in the form of ammonia in the early stages and 
•a nitrete in the later stages, and that a mixture of animpuium 
Rulpbate and sodium nitrate gave better results than either (ff 
lium liom, this experiment wae eurvied out with amtnanium 
n^^tmte uii| eediam nitrate and as a mixiiire in di flu—t 
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pcoportioBs and oompared with no manure. The results showed 
oonclusively tliat ammonium sulphate was the best manure ior 
rice. 

Pattambi . — ^Ammonium sulphate and sodium nitrate were 
tried alone and in different c<jmbinations and compared with no 
manure. Sulphate of ammonia when applied alone gave the best 
results. 

Sodium nitrate ea-periment — Central Farm, Coimbatore (1925- 
1933). — Sodium nitrate in combination with farm-yard manure in 
different proportions was tried. Kesults indicated that sodium 
nitrate in combination with farm-yard manure in the proportion 
of 3 : 2 to supply in all, 50 lb. of nitrogen gave the best results. 

Adutkurai (1926-30). — Chilian nitrate of soda was tried in 
oombination with cattle manure. Though the yields of grain and 
straw were higher in manured plots, the coat of the manure was 
higher than the profit from the increased yields. 

Cyanamide experiment — Central Farm, Coimhafore (1927-31). 
— Cyanamide alone and in combination with superpliosphate was 
tried over a basal dressing of 2,000 lb. of green manure per acre. 
SujKer at IJ cwt. in combination w'ith cyanamide at 2 cwt. per acre 
gave the best yields. 

Ammoniutn sulphate and super-phosphate — Aduthurai (1935- 
1941). — Ammonium sulphate and super-phoi^hate were tried alone 
and in different combinations without any basal dose of green le^ 
or organic manure. There was a greater response to nitrogen and 
20 lb. of PtO» per acre was found to be tlie best. 

Ammonium sulphate and Niciphos — Pattambi. — Niciphos alone 
and in combination with ammonium sulphate, green leaf and cattle 
manure were compared with no manure. Green leaf manuring at 
.'5,000 Ib. per acre showed an increase of 10 per cent over no 
manure. Green leaf and ammonium' sulphate were more or less 
equal and superior to other organic manures. 

Ammonium sulfdiate and groundnut cake — Duckireddipalem. — 
Ammonium sulphate and groundnut cake gave increased yields 
irfher nitrrjgenous organic manures like farm-vard manure, com- 
post and “ Pattirnannu ” on an equal basis of 40 lb. ‘ N ’ per 
acre. 

PaUukkoUai (1945-48). — The experiment was to detennine 
whether aiamoniuno sulphate can fully or partly rejdace groundnut 
cake when applied with green leaf and bone-meal. The reautta 
were varying but the indications were that 5,000 lb. of green loaf 
plus 100 lb. of bone-meal plus 100 lb. of ammonium 
applied (oar weeks after planting would give the best yields. 

Ldme experiment — Mangalore. — Lime at 1,000, 2,000, 3,000 lb. 
p» acre wift and without green leaf at 4,000 lb. per acre ware 
tried. The indications were that the application of luno was bene- 
ficial to rice under Mangalore conditions. 
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Pattambi. — ^Tbe effect of lime applied at the rate of 500, 
1,000, 2,000, 8,000 lb. per acre with and without a basal dressiiig 
oi green leaf at 4,000 lb. per acre was studied. It was found 
that higher doses of Ume gave higher yields and that 8,000 lb. of 
lime per acre in combination with green leaf gave 10 to 15 per cent 
increased yields over controls. 

Ambasamudram. — Trials of lime application up to 1,600 lb. 
per acre showed that 1,500 lb. application with leaf is beneficial 
to paddy. 

Balanced manurial experiment— Ambasamudram (1944-48).—- 
The experiment was started with the object of improving grain 
setting in rice, by the application of nitrogen, phosphates and 
potash in varying doses. The manures were applied alone and in 
combinations over a basal dressing of 48 lb. ‘ N ’ per acre, in the 
shape of groundnut cake applied just before planting. It was found 
that from the point of yield no marked increase was noticeable in 
plots receiving phosphates or potash. The plot receiving ground- 
nut cake alone continued to give the best yield. The general con- 
clusion was that ‘ N ’ alone was the determining factor with re- 
gard to yield and there was no real need to apply potash or phos- 
phates to rice under Ambasamudram conditions. 

Maximum potentiality experiment. — Experiments ware con- 
ducted in 1947-^9 in a number of research stations, viz., at Coim- 
before, Pattambi, Aduthurai, Buchireddipalem and Maruteru to 
assess the effects of maximum doses of nitrogen, phosphoric acid 
and potash applied singly and in combination on rice yields. The 
treatments included five levels of nitrogen at 0 lb., 30 lb., 60 Ib., 
90 lb. and 120 lb. per acre, three levels of phosphoric acid 0 lb. , 
80 lb. and 60 lb. and two levels of potash 0 lb. and 60 lb. per 
acre. The results indicated that a proportionate response existed 
only in the case of nitrogen doses but not to potash or phosphoric 
acid at any level whether singly or in combination. 

Palur (1947-48).— Nitrogen at 30 lb., 112 lb., 225 lb. and 
500 lb., phosphoric acid at 10 lb., 22*5 lb., 45 lb. and 100 lb. and 
potash at 20 lb., 41 lb., 82 lb. and 1001b. was tried on four 
varieties of rice. It was observed that in all the four varieties 
the crop lodged badly with higher dosage and* grain setting was 
affected. The lowest dose of manure gave the highest yield of 
grain and there was a gradual decrease in yield with increase in 
the dose of the manure. 

Time of application of manure — Ammonium sulphate — Paddy 
Breeding Station, Coinibatore. — Ammonium sulphate at different 
dosgs was applied at different times to paddy crop. The best re- 
sults were obtained when the manure was a{^li^ 46 days after 
planting. 

Pattambi. — Ammonium sulphate was applied one, two, three, 
ftmr, five and six weeks before flowering over a basal dressing of 
greei) leaf. The trials have shown that the application four wedn 
b^ore flowering gave the highest yield followed by five and ds 
weeks before flowing. 
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Aduthurai (1931-34). — Ammouium sulphate was applied at 
different stages of the growth of the crop and also just prior to 
plan ting in combination with phosphatic manures. It was estab- 
lished that to derive the maximum effect of the sulphate its appli- 
cation at 30 lb. nitrogen per acre two montlis after planting was 
the best in the case of samba crop. 

Ammonium sulphate and oil-cake — Paddy Breeding SlnLion, 
Coimbatore (1937-41). — Ammonium sulphate and oil cake (castor 
and groundnut) at 30 lb. ‘ N ’ were applied at different intervals 
of growth, i.e., at planting, 30 days after planting, 45 days, 
30 days and 15 days before flowering. Of the manures tried at the 
same nitrogen level, ammonium sulphate tops the list followed by 
groundnut cake and castor cake. The results for time of applica- 
tion were not significant. 

Oroundnut cake — Pattambi. — Groundnut cake was applied at 
different stages of growth. The results indicated that the cake 
can be applied even after the crop establishes and not at the time 
of planting alone. 

Buchireddipalem. — No significant result was noticed in 
applying groundnut cake from the time of planting up to shot- 
blade stage (90 days after planting) in the Molakolulmln , the long- 
duration variety. It is best to apply groundnut cake half at the 
time of planting and the remaining half after the first weeding, 
rather than applying all the dose either at planting or after first 
weeding. 

Super-phosphate — Paddy Breeding Station, Coiwhatore (1937- 
1940). — Super-phosphate on a basal dressing of green leaf manure 
and no manure applied at different times of the growth period of 
the crop was compared. It was noted that the application of 
super-phosphate at 30 lb. PgOs per acre at the time of [ilanting 
or 10 to 20 days before planting over a basal dressing of 4,000 lb. 
of green leaf per acre is advantageous. 

Pattambi. — Application of super-phosphate liefore final plough- 
ing and levelling did not show any significant difference. 

Trial of spraying minor elements — Copper sulphate — Paddy 
Breeding Station, Mangalore. — The effect of spraying a young crop 
of rice with copper sulphate solution at 15 1b., 301b., 45 1b. of 
the chemical per acre was studied. Heavy showers were received 
a week after spraying and the results were not significant. How- 
ever, there were indications that spraying with copper sulphate 
was beneficial. 

Pattambi. — An experiment to test the efficacy of copper sul- 
phate in small doses to rice crop was tried by using graded doses 
from 6 to 100 lb. per acre. The treatment had no apparent effect 
on yield. 

Iforganic catalysts. — Inorganic catalysts like ferrous sulphate 
and {loiassium permanganate in small doses are believed to have 
some beneficial catalytic effect upon organic matter. These were 
tried alone and in different proportions with and without a 
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basal dressing of green manare at Marutera, Pattambi and at 
Coimbatore. It was found that there was no action fA the catelysts 
in increasing the yield either alone or in oombinatimi. 

Manuring . — ^It may be well to summarize at this stage thD 
main findings of the manorial experiments carried out so far in 
the different research stations. It is found that manuring the 
seed-bed alone, even in heavy doses, is not enou^ to ensure a 
good yield, but an adequate manuring of the planted field also is 
necessary. Oreen manures in any fwmi, whe^er grown as a crop 
and ploughed in or transported as le^y shoots and trampled in, 
are always useful and give progressively higher yields op to 8,000 ib. 
of green leal per acre, though the optimum seems to be round 
about 4,000 lb. to 5,000 lb. No difi^noe was seen between differ- 
ent kinds of green manure crops like daindia, sunnh^p or wild 
indigo or between different spetnes of green leaf; the in^ease in 
rice yield depending mainly upon the quantity of nitrogen tliat is 
suf^lied in this form. 

Oil-cakes too are equally useful as suppliers of nitrogen and no 
real difference was seen in the effect of different cakes, so that 
the choice of any particular kind depends mainly on its cost and 
availability. With regard to bulky organic manures like cattle 
manure, compost, synthetic farmyard manure, sheep manure, fish 
guano and nightsoil, all are more or less equal in ef^t and similar' 
to green manures in action. Their optimum doses are conditioued 
by the fact that 30 lb. to 40 lb. of nitr(^en per acre is tlie optimum 
for rice, irrespective of the form in which this nitrogen is sup- 
plied. Ammonium sulphate has been found by test to be the best 
among all the artificial fertilizers for rice. The best time to ap|ily 
this fertilizer is 90 days to 60 days after transplanting depending 
on the duration of the variety. It is recommended that at least 
2,000 lb. of leaf may be used in conjunction with ammonium 
sulphate for rice as a general rule. The utility of molasses as a 
manure for rice is ‘still not fully established and needs further study. 

With regard to {diosj^uUae manures, no muked effect was 
n<^iceable in many cases where they were tried, but on the whole 
the trend of the results is that it is advantageous to use a mixture 
of 4,000 or 5,000 lb. of green manare and some phosfdiatie manure 
to supply 25-30 lb. of PtO* per acre. The particular fotm in 
which t^ pho^jdioras is sullied is of secondary importance aa 
no great difference was found between the different mamwes tried. 
Phosphates are best applied at planting time. With reMrd to 
potash manures there seems to be no real need for them in Madras, 
although in a few cases wood ash in conjunctkai with green 
manures was found beneficial. Lime is useful in certam tracts 
like the West Coast, the optimum qmmtity being 3,000 lb. per 
adre. The merits or otherwise of applying {dio^atic manures 
to the {Hrevious green manare crop as t^inst their direct applica- 
tion t« the rice crop is under investigation and no conclusions are 
possiWe at present. 
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Harvesting and yields. — The oue common feature in the whole 
uf South India in harveatiug rice ia that it is always done with 
Kiukleg by women; otherwise, a great deal of local variations exist 
in harvest practices. In the ilorthem Circars, the harvest is taken 
up rather early when the straw is still green and the gram only 
just ripened. After harvest, the cut slieaves are left to dry for 
three or four days in the held before they are put into stacks. It 
is believed that the grain undergoes some kind of curing process 
lu these stacks. They are sometimes left unthreshed fur as long 
as four months after harvest. 

As a contrast, rice harvest in the south in the Tan jure district 
IS delayed until even the straw is dead ripe, while other operations 
like threshing, winnowing, etc., are all huished on the same day 
us harvest.* Where the holds could be allowed to get dry before 
harvest, the straw is cut close to the ground, but where this is 
not possible, as in Malabar, only the earheads are cut and gathered 
and the straw is cut later or else left to be grazed by cattle, lu 
the Circars deltaic areas, the second crop is usually harvested 
leaving a longer stubble than in the hrst crop. This stubble is 
siibse<juently ploughed in and serves as maume. 

The yield of paddy (rice in husk) per acre naturally varies a 
great deal depending on the varieties, soil conditions, season in 
which they are grown and numerous other factors. The official 
estimate of the normal yield from an uTigated rice crop in the 
Madi'as State is 1,7U1 lb. per acre while that of uuirrigated rice 
1,303 lb. jier acre. Under favourable conditions of water-supply 
and ether factors, yields of 4,000 lb. to 5,000 lb. per acre have been 
recorded in certain districts. Short-duration varieties generally 
yield less than long-duration varieties, and yields from varieties 
grown in single-crop lands are higher than the same variety grown 
on double-crop lands. The incidence of diseases pull down yields 
by as much as 50 per cent when severe, while in bad cases the 
entire crop may be lost. If the rainfall is deficient during the 
growing period of the crop, then too, the yield is adversely affected. 

The following are average figures from crop-cutting experi- 
ments made under the auspices of the Indian Council of Agricul- 
tural Besearch ; — 
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Threshing, storing, etc , — The threshing of rice is done in two 
stages; the grain being first beaten out of the sheaves on the 
ground or on suitable wooden platforms and what is left is subse- 
quently trodden out by cattle. In the Northern Circars, the 
sheaves are taken out of the stacks and spread out to be cattle- 
threshed in one stage itself. After threshing the produce is clean- 
,ed of all chafi, mud paiiuoles and other foreign material. No 
winnowing machine has so far come into vogue in the State and 
winnowing is done only by throwing up the threshed produce 
against the wind and allowing the chafi and half-filled grains to 
be blown oil to some distance. The sound grains fall in a heap 
nearer and are collected and stored. 

Before the produce is stored it has to be well dried first, the 
amount of drying needed depending upon the method of harvest, 
whether done early or late, and how it is going to be stored, 
whether as seed or as a foodgraiu for consumption. For storage 
as seed, the drying has to be more thorough than when it is intend- 
ed for food. The dryage varies from 9 to 15 per cent of the 
harvested weight. 

Storing . — The methods adopted for storing rice (or paddy) varies 
widely in different tracts of the State. In the Circars, rice is 
stored in specially built granaries called “ Gat his These are 

built on pillars with walls of bamboo mats thickly plastered oyer 
and with a well built roof on top with wide projecting eaves. 
These can accommodate 390 to 1,000 bags of paddy grain weighing 
160 pounds each. Another method is in circular straw twists built 
up on masonry platforms or elevated ground. These '* puris *’ are 
able to hold up to 200 bags of grain and are common in Tanjore 
as well as in the northern districts. third method of storing 
is in shallow underground pits, when it is intended to store the 
grain for a short period. This practice is found in Nollorc, Srika- 
kulam and Visakhapatnam districts and is believed to aid in curing 
the grain and im^H-ove ita cooking quality. In Tamil districts 
paddy is commonly stored in mud bins, while granaries made of 
wooden planks are common in Malabar. In South Eanara straw 
bundles or bales called “ muras ” are used for storing paddy. 
Faddy grain intended for seed purposes as well as husk^ nee are 
stored in gunny bags. 

Storage experiments conducted at Paddy Breeding Station, 
Coimbatore, have shown that the weight of stored paddy decreases 
during storage if the grain was not well dried before storing. On 
the other hand grain that has been thoroughly dried before stor- 
ing increases in weight during storage indicating that grain if dried 
beyond a certain stege re-absorbs moisture from the atmosphere 
and gains in weight. Thorough drying is of corarse necessary for 
seed paddy, but when such grain is milled for food purposes it is 
liable to have a high proportion of broken rice. 

MilUng.--'For consuming as a food gralfi rice has to be freed 
from its hud:. This is done by hand pounding or by milling. The 
fomer is the time honoured method whereby paddy is pounosi 
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with a pestle and mortar. Milling is now the most extensively 
adopted method of handling large quantities of paddy. In these 
mills the grain is passed through shelters for de-husking and then 
through huUers for pohshing. The proportion of husked rice to 
paddy varies with varieties and also the nature of the milling and 
the degree of ^lish given to the rice. The official figure as given 
in the Season and Crop lleport of Madras State is 67 per cent, ae 
the average outturn of rice to paddy, (Plate 13.) 

The results of milling tests on the outturn of rice to paddy 
conducted in diiferent parts of the State are given below : — 

Colouring of rice . — In the preparation of rice for the market, 
millers often add some colouring matter during jwUshing depending 
upon the requirements of the tract for which the rice is intended. 
The usual colouring matter used is turmeric or yellow “ Ochre ” 
for the yellow tinge and red “ Ochre ” for the red tinge. 

Parboiled rice , — In most parts of the southern districts of the 
State parboiled rice is extensively used for consumption. Par- 
boiled rice is prepared by steeping the grain in water for one to 
three days according to the variety and then the soaked grain is 
steamed under pressure for lO to 20 minutes. The steamed grain 
is quickly removed and spread m thin layers for drying on special 
floors. Milling of the parboiled rice is done in the same way as 
for raw rice. 

By-products of milling.— Hmk, bran, and broken rice are the 
by-products of milling. The husk is used as fuel. The bran 
consists of highly nutritive substances removed from the grain 
during hulling and is very valuable as cattle feed. The broken 
rice is largely consumed as such by the poorer classes and labourers. 
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Pests and diseases. — The potential outturn from the ten million 
acres under rice in the State of Madras is reduced on account of 
losses caused by numerous pests and diseases. More than thirty 
different species of insects are known to attack rice, though fortu- 
nately only a few of them are really serious and capable of causing 
severe loss. Field rats and crabs also cause appreciable damage 
and in addition there are one or two diseases that sometimes assume 
epidemic form and entail heavy losses. As a detailed account of 
rice pests and diseases is given in chapters 22 and 23, only a bare 
list is given below in the descending order of importance : — 

Insect pests of rice — 

(1) The Swarming Caterpillar {Spodoptera mauritia B.). 

(2) The Paddy Stemborer (Sclioenobtus incerteVLus W.). 

(3) The Paddy Grasshopper {Hisrogly^ua banian F.). 

(4) The Rice bug (Leptocorisa acuU^ T.). 

(6) The Paddy Gall-fly {Pachydiplosis oryzae W.). 

(6) The Paddy Mealy bug (Ripersia oryzae G.). 

(7) The Rice Hispa {Hispa atmigera). 

Pests of stored paddy and rice — 

(8) The Rice Weevil {Sitophilus or Calandra oryzae L.). 

(9) The Paddy Borer Beetle (hhizopertha dominica F.). 

(10) The Flour Beetle (Tribolium castatieum M.). 

(11) The Rice Moth (Corcyra cephalonica H.). 

Non-insect pests of rke. — In addition to the insect pests hsted 
above, two or three species of rats like the mole rat {Gunomys 
Kok G.), the Gerbil (Tatera cuveri W.) and the house rat (Battus 
raltus rufescens Gran.) cause considerable damage and loss in the 
field as well as in the godown. A detailed account of these pests 
will be found in Chapter 22 along with the appropriate methods for 
their control. The Chapter 23 deals with the diseases of crop 
plants that are commonly encountered in Madras and includes an 
account of the diseases that affect the rice crop as well. 

Pood value of rice.— The average composition of 43 varieties at 
rice is compared with other important ceretds : — 

Onla. Stwdi. 7»t. Aih. 

nttOWST.' FSBOKRT. OITO. * nBOXH*. 

Rwe .. .. 88-87 8'6’' “ 1-12 Ml 

Wheat 80-87 11-2 • •• 2-OF 8-44 

Sorghum . . 80-98 10-88 4-18 8-28 

Rsgi . . 67*70 10-64 6-1^ 8-68 

The above figures would show that rice is rich in starch, hot 
poorer in fat and minerals than other foodgrains. 

The data given above shows differences from thoe» found in the 
He^h Bulletin No. 23 issued by the Manager of Publications, 
Civil I^es, Delhi, 1941, for the Government of India. l%e 
reason is that the Health Bulletin figures are based on analyticai 
rate relatum to single samples obtained from the Ooonoor BaBW, 
while the %ure8 reported in the memoirs are thie averages of a 
wrger number of samples. 

aa— 9a 
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figures are on oaoisture free basis and do not include the 
o| crude fibre. 

» in rice. — Qualitj^ is an attribute that is difficult to define 
is apt to vai7 with different tastes and interests engaged 
ip the rice industi^. But from the general consumers’ point of 
view, the main criterion of quality in rice may be taken as its 
nutritive value. The use of different manures has been found to 
infiuence the thickness of hran which is the chief source of protein 
and minerals in rice and thereby improve its nutritive value. It is 
generally believed that rice grown under dry conditions is more 
nutritious than from swamp conditions, but actual analysis -does 
not substontiate belief, as rice from swamp conditions contains 
more of piotems and mineral matter. It is possible that the higher 
oil (fat) cont«at in nee from dry conditions may perhaps explain 
the higher esteem in which, dry rice is held. 



Ptolefns. 

Fat. . 

Hlnerala. 

F» 0, 


vm cjssfT, 

BSn CANT. 

TEU CENT. 

TEE CENT. 

Transplanted, swamp rice 

s. 10*29 

2*23 

1*47 

0*70 

Broadcast^ swamp rice 

«e 2*06 

2*32 

1*31 

0*60 

Broadcasts dry riot 

## 7*87 

2*66 

1*33 

0*62 


When the same variety or strain was grown on well-drained 
and ill-drained soils there were indications to show that the protein 
content was higher in rice from ill-drained soils, while calcium 
and phosphorus were more in rice from well-drained soils. 


Varieial differences . — ^Different varieties of rice differ consi- 
derably in their chemical composition also. Coarse grains are 
richer in proteins and minerals, especially calcium, non and 
{ffiosjffioros than the so called fine rices. It is also found that 
coloured rioes are richer in these constituents than the white rices 
as shown below in the thickness of the bran layers : — 


CIciliL Ooiotir of rioe. bnii-layf r 

Iniiilofiiaf* 

Cotne M w M Puiple 62*8 

Do« Mr s«s Kod • • • • • e 62*8 

l^Oir mm • • Wlu^ • « « • « « 60*1 

Medium mm mm • • ]8od t « • • et* 64*6 

Do# tBi • ■ • « • « « » • • 42*8 

]PiQi0 ^ ^ , l^Os » • • • • • 40‘T 


PoUsUng . — Mpst of the nutritive sffiMrtaaoes of r«» grain are 
contained in the outer bran layers immediately below ^e husk. 
Xtarinr auUinff and especially in poliddn^, these layocs are removed 
^ result that poUiffied rice contains practiculy nothing but 
sMuch. disease known as ** beti-heri ’ , common in exclnaive 
nioe eatars is now known to be mitised by a lack of vitamin B group 
im fte diet as Ihe hi^^y poIUhe^ rice that is eaten contains lit^ 
nr ton vUittiB ’B. 
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Parboiling rice helps in retaining some of the proteins and 
vitamins wi&n the grain, even after milling and polishing and 
hence is more nutritious than raw rice polished to the same degree. 
It is observed that during the process of parboiling, lire iimer 
endosperm tends to swell but as there is the resistance of the outer 
bran layer and the inelastic husk, this swelling results in the bran 
layer or at least a portion of it getting imbedded inside the endo- 
sperm. Some of the vitamin B also fromi the bran layer diffuses 
into the inner layers of the grain and endosperm. 

Hand pounding . — Losses in the nutritive value of rice are 
minimised when the husk alone is removed, keeping the bran layer 
intact. Bice can be shelled like this by special wooden hand 
grinders, the next best method being by hand pounding with a 
mortar and pestle. The following data give the analysis of rice of 
different kinds 



Protein. 

Vat. 

Ash. 

PlKwpliorlo 

add. 


PBB CIBNT. 

PER CSBT* 

TOR CBKT. 

PKBOBUTe 

Shelled rice 

8*53 

1*76 

1*47 

0*87 

Hand pounded raw 
rice. 

7*76 

1*22 

1-12 

0*57 

Milled raw rice 

6*78 

0*73 

0*64 

0*37 

Milled parboiled rice . . 

7*82 

0*84 

0*98 

0*68 


Cooking tests . — It is necessary to know before judging the 
cooking qualities of any variety of rice, the time taken for complete 
cooking, the volume of the cooked rice in relation to the rice taken, 
the volume and viscidity of the supernatant Uquid that has to be 
drained off after cooking and the appearance of the cooked rice. 
A method of estimating the comparative cooking quahties of 
different strains of rice has been devised at the Paddy Breeding 
Station, Coimbatore, where definite weighed quantities (20 gms.) 
of each sample after shelling are first soaked in water for ten 
minutes and then cooked in a water bath, after adding four times 
the weight of water (80 gms.). The time taken for cooking and 
other points are determined on the cooked sample. 

Tests with a large number of samples, shelled, milled or 
polished to different degrees, have shown that (1) a certain amount 
of uniform polishing is necessary for good cooking quality. This 
polishing should also be at a minimum if the nutritive value of 
the rice is to be retained, (2) the time taken for cooking shelled 
rice in general and red rices in particular is longer than the time 
required by the same samples when slightly polished, (3) the volume 
expansion of polished rice on cooking is comparatively greater and 
more uniform than in shelled rice where the grains split on the 
sides in an irregular fashion and form a pasty mass, (4) heating 
shelled rice in a dry oven for a few minutes before cooking reduces 
the^ time taken for cooking but does not improve the expansion 
ratio, nor the irregular splitting of grains, (5) the pastiness of newly 
harvested rice on cooking is due to a starch liquefying ensyme 
known as Q-amilase that is present in such rices. On storage for 
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sos^e lime, this em^me gets inaetlrated and henca old rice cooks 
Wtter, giving a greater volume for the rice taken and does not get 
paifAy ^ cooking. Becent studies at Coimbatore have shown that 
as a .iesnlt of storage there is a reduction in gramule size of rice 
starf^, a change in its. granular make up and also a j^hable chaise 
^ its molecular configuration. Improvement in codking quality 
occurs slowly or rapidly with different methods of storage being 
fairly rapid when the grain is stored in undmgrpund pits. It can 
also be hastened by subjecting the rice to dry heat i<x a few 
minutes prior to cooking. 

Scent and aroma . — Certain varieties of rice like Basumathi have 
a characteristic scent which is evident on smelling or chewing and 
gets eventuated on cooking. Such scented vaneties are usually 
used only for specif purposes like the preparation of “ PuUmu ’ . 
The scented Cmracter is heritable in simple Mendelian fashion. 
Puttu rice is another special variety that is cultivated in limited 
areas and quantities. It is also known as glutinous rice although it 
Mntaine no gluten but only starch in a different form. This riee 
cannot be cooked like ordinary rice but can only he steamed. Mixed 
with sugar and ehredded coconut, it makes a very delicious and 
wholesome did). 
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. Agricultural Researdi Station, Aduthurai (Tanjore District) — cont. 

Ntmtber and name of strain. Normal time of harvest. Other particulars. 
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AgrieuitureU Research Station, PaUambi {SotOh Malabar Distrid^ — cont. 

name cf etrain. Normal time of harvest. OOur partiadars. 
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WR 14 Maacathi . 130 . . . . Isolated from Mascathi, a popular white riced variety of Mangalore taluk. The strain 

recorded an increase of 19 {yer cent, over local in the trial in district trials. The rice 
is consider^ good for making beaten rice and once commanded an export market. 
A\'erage yield 2,500 lb. Orain size : L— 8*2 mm. ; B— 2-7 mm. ; T— 1-8 mm. Glume 
colour : Straw. Ri^ : White. 



Agricultural Research Station, PaMambi (South Malabar District) — cont. 

Number and name of strain. Normal time of harvest. Other particulars. 
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dy Breeding Station, Coimba 
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1. YieMa 3.200 lb. per 
OUtnu colour : Straw. 
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Paddy Breeding Station^ Coimbatore — cont. 

Number tmd name of strain. Normal time harvest. Other particulars. 
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CHAPTER 4. 

MILLETS. 

The different kinds of mUlets— Aren nnd tB^bntion— iSoryktcm 
varieties, trials, fundamentid stodles— phyiriology and genetlea— 
wild and cultivated soighiuns— Seonomle worit— oeleeffon, 

hyhridlntlQn— Agronomfe and nuuiaring eiperlinente--Stratns 
evolved— 

Bajra.— Area, dlstributlen, varietal intnrloeatlim trials— Selee> 
tlon— fundamental and e]rt(ffogleal studies— Agraiomie mid 
manuring experiments— Strains evolved. 

Ragi.— Area, distribution, varieties trials, fundamental and 
eytologlcal studies— Agronomle experiments. 

Minor Millets.— Arika, Variga, Samal and Kudlralvatt- Area, 
distribution, cultivation trials and fundamental studies. 

Introduction^. — ^Millets fonn a group of annual cereal crops that 
are commonly grown in the warmer regions of the world, in areas 
that are too and poor for other crops like rice or wheat. In 
India, there are eight crops going under the collective name of 
millets namely, Sorghum (the Great Millet), Bajra (the Bulrush 
millet) or (Pearl Millet), Ragi (the Finger Millet), Korra or Tenet 
(Setaria or the Italian millet), Varagu (Kodo millet), Santai (the 
Kttle millet), Panivaragu (the common millet) or (the Proso millet), 
and Kudiraivali (the barnyard millet). These eight millets are des* 
cribed in the following pages, witli an account of the chief lines 
along which their improvement has been attempted in the State 
of Madras. 

Millets occupy an area of nearly 60 million acres in the Indian 
Union, with an annual output of about 12 million tons of food- 
grams. They form the staple food of the rural folk in those areas 
where they are grown. In point of both area and importance, the 
millets rank next to rice in India, and precede wheat. They do 
not figure to any large extent in international trade, as the grain 
that is produced in India, is practically all consumed within the 
country itself. 

In Madras, the millets cover an area of 12'8 million acres, 
with an annual production of three million tons of grain. Millets 
serve both as food for men and as fodder for cattle and are in fact 
superior to rice in both these respects. Millet improvemei^t was 
taken op in this State in 1923, when a separate Millets Breeding 
Station (Plate 14) was started at Coimbatore, under a whole-tims 
research officer who was designated the Millet Specialist. A large 
volume of fundamental genetic information was gathered in the 
early years, as a preliminary to the evolution of improved, high . 
3 delding strains in each of the millet crops. In the course of this 
work it became apparent that millets were highly localised in their 
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habits, so that it was necessary to spread out the work in the 
different millet-growing areas of the State, if useful results were 
to be achieved by way of improved varieties suited for each of the 
different millet areas. 

Sorghum (Sorghum sp .) — Production and importance — The 
Great Millet (Telugu — Jonna; Tamil — Cholam; Kannada — Jola\ 
Malayalam — Cholam; Hindustani — Jowatr ). — Sorghum is the most 
important among the millets and occupies an area of 36 million 
acres in India, with an annual outturn of 5-7 million tons of grain. 
It is grown mainly as a rainfed crop, in Hyderabad, Bombay, 
Madras and the Central Indian region. Madras stands third, with 
an area of 4-8 million acres under this crop, forming about 12 
per cent of the total cultivated area. The area under this crop in 
different districts is given below (Plate 16) ; — 


District, 


Total area. 

Irrigated. 

Unirrigated. 

. 


ACS. 

ACS. 

ACS. 

BcUary 


692.060 

3,660 

689,000 

Kimioo) . . 


676,260 

3,260 

129,000 

573.000 

417.000 

Coimbatoro .. 


646,000 

Gunter 


401,600 

2,600 

899,000 

Kelloiv 


382,660 

8,660 

23,000 

874,000 

Ananatapur , . 


321,000 

298,000 

Madurai 


277,000 

79,000 

108,000 

Timohirapalli 


271,800 

37,800 

234,000 

Salimir 


261,400 

37,400 

224,000 

Krtahna 


217,150 

160 

217,000 

£aai Gofiavari 


94,610 

10 

94,500 

Tirunelvoli . . 


91,500 

67,300 

24,200 

Sauih Arcot 


77.6H0 

1,280 

76,400 

Kcrth Arcot . . 


75,400 

17,900 

57,600 

Visakhapatnam 


72,<'60 

60 

72,000 

Woat Gf^avari 


70,140 

40 

70,100 



62,100 

23,000 

39,100 

Chittoor 


42,000 

11,300 

31,6(K) 

Chingloput • . 
Malabar 


5,040 

980 

210 

4,830 

980 

TheKilgiris ,, 


90 


90 


Totni . . 

4,828,110 

456,810 

4,872,300 


It will be seen from the alnive figures tliat the chief sorghum- 
growing districts are Bellary, Kuruool, Coimbatore, (iuntur,* 
Nellore, Anantapur, Madurai, Tiruchirappalli, Salem and Krishna. 
The average annual production of sorghum grain in Madras 
amounts to 1,160,0(X) tons. Its importance as a food crop lies in 
its being the heaviest yielder of both grain and straw among all 
the rainfed cereal crops. The grain serves as the staple food of 
the poorer classes while the straw is a very g(x>d fodder for cattle. 

Climatef soil, irrigation and their influence on cultural 
practices . — Sorghum is an important crop wherever the rainfall is 
low and leas tiran 35 inches per year. 

Seasons. — ^There are two main seasons for sowing sorghum as 
a imnfed crop, the early season in June-July and the late in 
Odfober-November. In Nellore and Guntur districts the early 
(p umii) orap ig gown in June, tdie main or midseason crop (pedda) 
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from July to September aud the late (pyru) crop in November. 
Under irrigation, sorghum may be grown at any time of the year, 
though it is usual to sow it either in December or in April-May. 
The yield under irrigation is about three to four times the yield 
that can be obtained from rainfed crops. The practice of growing 
sorghum under irrigation is more common in the sonthem distrkita 
particularly in Salem, Qpimbatore, Madurai, Bipuanathapuram 
and Tirunelveli, than in the northern districts of the State. 

Soils . — Sorghum can be grown on a wide variety of soils, light 
or heavy, black or red, though sandy soils have to be heavily 
manured. It thrives best on soils well supplied with lime, as in 
fhe heavy “ black cotton ” soils of the Ceded Districts. The crop 
does not stand any water-logging. The season for sowing sorghum 
is generally so chosen that the rainfall during its growing period 
does not exceed 10 to 16 inches. 

Varietal collections, introduction and trials . — A very large 
number of types and varieties from all over the Madras Btate as 
well as other parts of India and other countries was first collected 
when the Millets Breeding Station was started in 1923 and these 
were studied in respect of their varied characters, their range of 
variability and suitability as material for the evolution of high- 
yielding strains. Extensive genetic studies were also carried out 
on the mode of inheritence of the various characters, both morpho- 
logical and economic and a brief account of the knowledge gained 
in these studies is given below, followed by description of the 
improved sorghum strains evolved in the Millet Breeding Station 
at Coimbatore and at the different regional sub-stations in other 
districts of the State. 

Fundamental studies . — In sorghum, the chief types that are 
cultivated in Madras are the following : — 

Sorghum durra . — Most of the dry laud types, with semi- 
compact earheads and yellow grain come under this group, which 
is grown chiefly in the States of Madras, Bombay and Madhya 
Pradesh, and in certain parts of the Punjab and Uttar Pradesh. 

Sorghum cernuurn is grown in Bombay, Deccan, Madras and 
the Madhya Pradesh. Most of the varieties in this group have 
bold white pearly grains. 

Sorghum subglabrescens . — Most of tlie irrigated varieties in 
Madras telong to this group, which is grown also in Bombay and 
in Madhya Pradesh. 

S. Roitburghii is a loose-panicled q>ecie8, grown in the 
poorer and lights soils of Madras, Madhya Pradmb, Bihar and 
Orissa. The species is suited to areas of higher rainfall than the 
other species can tolerate. 

iS. Lochna is grown mostly in the southern districts of 
Madras and parts of Bombay. It is known under the name* of 
Irungu cholam in Madras, and is oharaoterised by the grain being 
enclosed almost completely by the gloines. It is oultivated mainly 
as a fodder crop usmg a very hign seed rate of 60 to 80 !b. per 
acre to secure a thin-stalked fine fodder. 
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Boot system . — A characteristic feature in all sorghum plants 
is the occurrence of stilt roots at the nodes immediately above 
ground level. These help in supporting the plant when it gets 
rather top heavy as the earhead ripens. It is found that even 
the higher nodes are capable of developing these stilt roots when 
the leaf sheaths are stripped off and the nodes exposed to favour- 
able conditions of humidity and temperature. 

Height and duration . — There is a very wide range in both 
height and duration in sorghum varieties, from 75 to 170 days 
in duration and 24 inches to 180 inches in height. In general, 
the taller varieties have the longer duration though exceptions do 
occur, as in the Telia jomia of Bellary district, where the plants 
are comparatively short, even though the duration is 130 days. 
Three broad groups can be distinguished, the early (75 to 100 
days), medium 100 to 130 days and late (130 to 170 days). The 
shortest variety is a tw’o-foot Milo from New Mexico and the 
tallest is Sorghum elagans from Tanganyika with a height of 
nearly 180 inches. It was observed that with increasing height 
and duration, the number of internodes per plant also increases. 
In the short duration group, there is a progressive increase in 
internodal lengths from the bottom upw’ards, the last internode or 
peduncle being the longest. In the medium duration, the intcr- 
nodal lengths show a unimodal disjwsition, the lengths first 
increasing, then decreasing and then again increasing to the 
peduncle. The late types show a bi-model disposition, with a 
double rise and fall of internodal lengths, with a final rise ni the 
[leduncle. The lengths of the leaf sheaths also follow the varia- 
tions in internodal lengths, though in a less marked manner. 

Panicle . — Amongst the cereal crops, sorglium is remarkable 
for its wealth of panicle shapes and sizes, varying from the \ery 
compact, round and cricket-ball-like panicle of Telia Jonna (5- 
cernuum) to the very loose and streaming ty{>e of panicle in the 
Broom corn (S. dochaa). From the studies earned out in the 
Millets Breeding Station at Coimbatore on the structure of these 
panicle shapes, it has been found that they arise from the various 
combinations of lengths of racliis and primary brandies, the 
degree of ramification of branching, the angle wdiich the whorls 
of branches make with the mam ‘ rachis ’ and the density of 
clustering of the fertile spikelets on these branches. The final 
grain yield in different varieties is conditioned by the weight and 
size of the individual grains and the factors that determine the 
number of fertile spikelets. Hence the shape and size of the 
panicle have a close relation to the ultimate yields of different 
sorghum varieties. 

Anthers and stigmas . — Anthers in sorghum vary in size though 
not in shape and the common cultivated varieties possess about 
the largest-sized anthers. The pollen grains loo vary in size and 
the variations are roughly parallel to anther size differences. The 
colour of the fresh anthers is either yellow, light yellow or very 
light yellow. No white anthers have been observed so far. Thir 

H 
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st^gxaae axrd-at^matic branches 'are also ycMow in colour, the varia- 
tHms'in thto depth of yellOw are osuatfy associated with the colour 
thatsthte grains develop later on:; the deeper-coloured grains, like-- 
yeHow, r^ or brown 'have deep yellow stigmas, while- the white- 
grained- and very light yeHow-grained tjpes have very light 
ydHow- or whitei stigmas. Thb anther sacs on drying develop 
various shades of three bboaA groups- of colours, brown, red and ' 
si«ma> which show > a dose parallebaooL with the grun colour that 
is -doveicped later. 

Other morphological pecvJiarities — Midrib-forking. — The sor- 
ghum leaf has an entire margin, with a single, well-marked mid- 
rib, but occasionally this midrib forks into two over the entire 
length of the leaf. In certeun species, iion-auriculate and eligulate 
types ate ako met with. In species where economic varieties are 
found., there is a pulvinus or cushiony structure at the i)a.se of the 
spikelet-bearing branchlets, at the junction with the main axis, 
wmoh results in pushing the grain-bearing portion well away from 
the central axis, whereas in the eligulate and non-auriculate types, 
there is an absence of the pulvinus and a shortening of the spikelet- 
free area in the panicle branches and branchlets, leading to an 
overcrowding of spikelets on the earhead with a consequent risk 
of sterility. 

Spikelets. — ^Two kinds of spikelets are found in a sorghum 
panicle^ the sessile and the pedicelled. The sessile spikelets are 
fertile and persistent, while the pedicelled ones are generally 
sterile and sometimes deciduous. The deciduous, sessile spikelets 
oi'onr only in the wild sorghums. In crosses between wild and 
cultivated sorghums various ty|)es were met with, some being 
closely similar to cultivated 8orghum.s until flowering wiia over, 
but at the milk-stage, the sessile spikelet.s start shedding. The 
occurrence of fertile, pedicelled spikelets also has been l ecorded ; 
these grains being usually smaller than those from sessile spike- 
lets. 

Dummy pollen. — Another abnormality is the occasionui 
occnrrence of “ dummy pollen ”, i.e., empty pollen grains that 
are lighter in tint than normal pollen, and which do not shrivel 
up (m drying as normal pollen grains do. Various abnormalities! 
aare also met with in the awns. As a rule only the fourth and the 
innermost glume, out of the four glumes in a sorghum spikelet, 
that has a palea encloses the floral parts. Tlie awn is developed 
on this fourth glome or lemma, hot in certain types of sorghum 
where' doable grains were found, the palea of the fourth glume 
also was found to develop awns. 

Cleistogamy. — ^In certain forms from Africa and in an 
Indian type belonging to eorghum papyrascens, it was noted that 
the panicles never showed any evidence of flowering, like emer- 
gence of anthers or stigmas. Here the lower floral glume was 
wide and clasp^ the upper floral glume (lemma) tightly. The 
lodicules also were d^enerate, scaly and fonotionless, with th** 
resdlt that the glumes tvere unable to open out. The anthem 
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were small witib short filameets, and were able to; pollinate the 
stigmas due to their being stuck up against. the stigmas. The seed- 
setting was, however, much poorer than i normal, so that .this 
feature is not a desirable one. 

Donhle seeds . — In certain extra fertile types, 'the spikelets 
bear two pairs of stigmas instead of one and at maturity contain 
two grains within the same pair of glumes. This doubling 
naturally reduces the weight of individual grains and is ttms 
not an economic character. Mnltiple-seededness also has been 
observed and recorded in sorghum where the third , glume also 
becomes fertile and produces a grain. 

VfQcked gtaim . — ^The sorghum gram is rather nnique 
unong all the cereals in being completely exposed, without 
being enclosed in the glumes, and hence the importance of a 
sound and unbroken pericarp is obvums. A few African >fype8 
of sorghum were, however, observed at the Millets ^Breeding 
Station to have cracked grains. These cracks are fonraed «t the 
dough stage as a cleft, exposing the white stareli inside the 
grain and have been noted so far only on chalky-grains with a 
soft endosperm. 

Vivi-pary. — The phenom«ion of the seed germinating on 
the plant itself is not common in the cereals, but one instance liae 
been noted in sorghum, where the grain failed to go into the dor- 
mant stage but germinated on the earhead itsdf, resulting in 
vivipary. 

Bulbils . — In the second generation of certain crosses made 
between single-seeded and double-seeded varieties of sorghum, 
small, leafy greenish structures were noted in the spikelets ^riog 
the pre-ripening stages. These, on closer observation, were found 
to be bulbils, resulting from 'the conversion of the gtauis and 
glumes into four or five leafy structures, progressively increasing 
in length froni the bottom to the top. A mutant wa« found -in 
which all the spikelets proliferated into tiny sorghum plants, and 
when transplanted, were able to sti'ike root and grow but they 
never set any seed. 

Histology — Pericarp of grain . — The histology and organo- 
graphy of the pericarp has been studied on the grains of -numerous 
wild and cultivated races of sorghum at the Millets -Breeding Sta- 
tion. In the sorghum grain the inner epidermis of the pericarp 
gives rise to the tube oells ; and the integameat is .formed not 
from the nuoellus but from the inner interment. The nuceUus 
in sorghum is completely absorbed. The wild sorghums <ans 
characterised by a very thin pericarp, oonasting of only the epi- 
dermis and tube cells and sometimes a very small tissue of the 
mesooarp. An integument is always present in wild sorghums 
which is brown^x>loiired. The cultivated sorghums also have 
similar layers, but they are more in number than in wild sor- 
ghums. The mtegumeiit is found in eultivated types, only in 
Kwne but not in others. When iproiient, this mtsgument is always 
in colour, and the tube oells too vte likewise brown. The 
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mesocaip is coloured only in ve:^ rare cases. The colour of the 
perioa^ is found in the epidermis, hypodermis and the tube cdls. 
Examination of the hybrids and parents of crosses revealed that 
while neither of the parents showed any integument their hybrid 
had an integument indicating an origin through complementary 
genes. A monogenic difference for int^ument colour has also 
been recorded from other crosses and it was observed that an 
integument was invariably present when the grain was brown- 
coloured and absent when the grain was not brown. 

Physiologf — Anthesis and Pollination.— The general order 
in the flowering of the panicle in sorghum is from the top to bottom 
with about eight days for completion of flowering. The spikelets 
generally start opening from 12 midnight, till 2 a.m. though some- 
times this anthesis may continue up to 8 or 10 a.m. As an 
exception to the general rule, one species, sorghum margaretiferum, 
has been observed to be a day-flowering type. As mentioned 
earlier, the anthers in sorghum vary a good deal in length and 
breadth, with a positive correlation between the sizes of anther 
and grain. Sorghum pollen is highly sensitive to the medium in 
which it is grown. Sucrose with shred agar is the best medium 
for artificial germination of sorghum pollen, among which the 
day-flowering varieties having a higher percentage of germination 
t^n night flowering varieties. The germination in an artificial 
nUdium was also foimd to be better on cloudy days, and the best 
germination material was pollen gathered between 7 a.m. and 
8 a.m. The temperature should be below 40’ C for satisfactory 
g«nmination and darkness acts as an inhibiting factor. Pollen is 
capable of fertihsing the stigma up to the third day from the 
opening of the spikelet opening though less effectively than when 
it is fresh. The stigmas retain their receptivity up to 48 hours 
after emergence, this being inhibited by darkness and impaired by 
rise of temperature and humidity. 

Genetics — Grades of chlorophyll content . — ^Three distinct 
groups of greenness can be distmguished in different varieties of 
sorghum, a dark-green, green and light-green. An estimation 
of chlorophil content in these groups show^ that the dark-green 
and green contained 22 and 17 per c«it more chlorophyll respec- 
tively than the light-green type. There was more of chlorophyll-a, 
in the light-green types whereas in the other two types there was 
more of chlorojfliyll-b. Most of the African soMhums are dark- 
green, the Indian varieties green, and the Chinese varieties 
light-green. Crosses were made to study tt»e mode of inheritani^ 
of this character and it was found that dark-green was a monogenic 
dominant to green which in turn was dominant to light-green, and 
that all three charactws segr^^ted in Ihe ratio of 9 : 6 : 1, indicat- 
ing the operation of two sui^lementary factors for colour 
development. Either of the two factors can deepen light-green 
into green but both of them shotdd op«wte to produce a dark-green 
colour. In the seedling colours too there is a vwiation ; the African 
varieties having a bluish green tint in contrast to the pure green 
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tint in the seedlings of Indian varieties. This difference also 
behaves as a monogenic dominant giving rise to the bluish-green 
tint when present and ordinary green when absent. 

Plant pigment . — Sorghum plants may be completely green or 
purple in certain plant parts. The pigmented condition is ordi- 
narily seen best in the adult plant when the tissues begin to dry 
up, though in some African varieties the pigment is manifested 
even when the seedlings are a week old. The gene responsible for 
this character is dominant to the one by which the seedlings 
remain green. 

Midrib colour . — The midrib in sorghum is usually white or a 
dull green, and is correlated with the nature of the culms or 
“ stalks ”. When the stalk is juicy, the midrib is dull green, and 
white if the stalk is pithy. The pithystalky character is dominant 
to the juicy and this character is important from the point of view 
6t evolving good fodder types of sorghum with juicy stalks. The 
fltecurrence of a brow-nish-purple midrib, which behaves as a mono- 
genic recessive to the non-brown midrib, has also been recorded. 
In some types, yellow midribs have also been noted which is a 
monogenic dominant to the ordinary green midrib and is, in addi- 
tion, linked with the factor for reddish-purple on the leaf-sheath. 

Colour of sheath and glume . — Sorghum leaf-sheaths are either 
purple or brown. The purple behaves as a monogenic dominant 
to the brown. In the purjile itself there are two sub-groups, red- 
dish purple and blackish purjile, the former being dominant to the 

latter. 

Colour of node . — There is a band of soft, cushiony tissue above 
the nodes on sorghum plants, which in some varieties is coloured 
purple. This purple node is dominant to the green. The pigment 
may be of two kinds, one being associated with the factor for 
brown grains and the other being closely linked with a sienna- 
coloured anther. 

Ligule and auricle . — In sorghum, as in all grasses, there is a 
well-marked zone at the junction of the leaf-sheath and leaf -blade, 
consisting of a narrow ligule as a prolongation of the distal inner 
margin of the leaf-sheath and a lighter-coloured, triangular, mem- 
branous tissue which is known as the auricle. The occurrence of 
an eligulate and non-auriculate condition has been observed and 
recorded, which behaves as a recessive to the normal ligulate and 
auriculate condition. As mentioned earlier, the non-auriculate 
condition is associated with the absence of a pulvinus in the panicle, 
and a shortening of the spilcelet-free area in the panicle branches 
and branchlets. This leads to an overcrowding of spikelets on the 
panicle and a consequent risk of sterility. 

Hairy leaf tips . — Hairiness is practically absent in sorghum 
plants on the stalks, leaves and leaf-sheaths, but is present as a 
primitive character in wild sorghums, and as a vestigial character 
to some of the cultivated varieties which behaves as a monogetfr 



'JLa4 umoms OF toe DSFABTME»T op ^A(»BICEJ:;.T 1 ^, MAOAA8 


domiuadQti to the tiairlessi chaxMter. rln soaxie OAa^s^ Ibe .}iaits< oockh: 
ou oitber side of midrib groove on.tbe lower half of tbe ieaf- 
blades particularly ou the flag. 

Tip sterility . — Earbeads with sterile tips are uneconomic. The 
gene responsible for this character of tip sterility is monogenic 
recessive to; the one that produces- normal, folly fertile earhes^. 

^pikelets.— 'Jja. most of the cultivated sorghums, the spikelets 
are ^ly persistent and, it is only in wild sorghums that the uneco- 
nomic .character .of deciduous fpikelets is met with. The gene 
responsible for shedding is a monogenic recessive to the persistent 
one. Another spikelet character that was studied genetically was 
.purple , pigmentation of the hairs, which was a monogenic domi- 
nant to the normal hyaline type of hairs. 

4iC««. — ^In the sorghum -sjaikelet the fourth glume (lemma) 
bears .the awn, and when, present, the awn length keeps pace with 
.the length of the spikelet. .Small, ovate glumes witli short awns 
have, proved a monogenic dominant to large, elliptic glumes with 
lor^ awns. 

.Purple colour on fioral parts. — A purple-pigment is developed 
(HI the glumes about, three weeks .after the emergence of the pani- 
cle from the boot, when the- grains are in the , dough stage. Till 
then the. glumes are green. In some of the African sorghums, a 
new character has been noted, .the assumption of a purple colour 
by the glumes, just after emergence from the boot. This character 
is a simple dominant. to the normal ripen ing-pu^le character. In 
the same manner, purple anthers have also been noted in some of 
the .African varieties as a rare variant from the usual yellow shade.s 
and behaving as a simple dominant to yellow anthers. 

The stigmas are generally feathery in sorghum and the styles 
smooth, but uonTfeathery stigmas have been noted in certain varie- 
ties from Central and East .Africa. In such varieties, the awn, 
when present, has barbs only on the lower half of the snbule, indi- 
cating the homologous nature of both awn and stigma. A filHy- 
feathered stigma is dominant to a baeaUfesthered stigma. Another 
variation is a stigma with sparse feathers which is also recessive 
to -the normal fullv'feathered stigma. Both 'these characters are 
uneeouemic €md hence not desirable and it is fortunate they eve 
recessive and hence -remain as Mue cheraeters. 

A purple pigment has been observed in the sub-epidermal layer 
of the pericarp of the ovary at the time of flowering in a few 
species of sorghums of African origin. This charactCT behaves as 
a monogenic dominant to the osudl hyaline condition, linked with 
the colour of the leaf-sheath and glume , grain colour and juiciness 
(yf stem. 

Grains . — Unlike other cereal grains the developing grain in 
sorghum lacks protection bdth in >the early and late stages of 
development. Unlike rt^, where too, the grain is naked, the 
sorghum grain has not got the jnotectfon of a papery perionp, 
nor has H, like Bajva, the ^proteotkm of a isaaes of ^ anthers in 
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the early stages . Soighum^ grains can be grouped into two main 
classes, the pearly and the chalky. In the absence of any definite 
colour like red, yellow or brown, the grain is pearly in appearance, 
shiny and translucent. In the chalky grain this lustre is lacking 
and it is opaque. Chalky grains are common in varieties of 
Sorghum, lio^vhurghii, locally known as Talatvifichan cholam. 
These differ from pearly grains in having a mesocarp layer thrice 
as thick as that in pearly grams. This layer is full of starch grains 
and. give the chalky look to the grain as a whole. Soaking 
experiments showed tliat in five hours chalky grains absorbed 
24 per cent and pearly grains 18 }>er cent of then* dry weiglit of 
moisture. Chalky grains are relatively more susceptible to weevil 
attack, while pearly grains are better for poppjng. The starchy 
condition of the mesocarp, showing itself as a chalkiness of grains, 
beliaves in inlieritance as a monogenic recessive to the non-starchy 
mesocarp, giving a i>early grain. 

Sorghum shows a wide variety of grain coiours, ranging from 
reddish-brown, deep red, red, light red, deef> yellow, yellow, light 
yellow and white with and without red tint. In addition, some 
grains may have a brown wash, while others do not show* any 
brown wash. These different colours fall into two groups, tannic 
and anthocyanic. In the anthocyanic group, yellow is the basic 
colour. With the addition of a red factor, the grams become red. 
Another factor deteimines the location of colour manifestation 
whether it is all over the pericarp or confined to a portion of it 
only. A third factor determines the intensity of colour mani- 
festation. Thus red, without this intensification factor, gives only 
a light red grain. Monogenic and digenic interactions of these 
factors have he<Ti studied over a number of rears in a series of 
crosses at the Millet Breeding Station, Coimbatore. 

In tlie brown-grained tannic group, two factors acting concur- 
rently are resixmsible for the production of a fully-brown grain. 
I'jach of them by itself is capable of imparting only a light- 
brown wa.sh to tlie grain and can be detected only by the brownish 
colour of the dry anther. The interaction of all these factors, 
the tannic brow'ns and the anthocyanic reds and yellows along 
wntli their colourless allelomorphs, results in the wealth of blended 
colours that are found in sorghum grains. 

Dimpled grain , — In (he sorghum coller'tions at the Millet 
Breeding Station, there is a variety from Bellary district, known 
as Sakkala Sakkata GuUga jonna (Sugar-pill sorghum), where the 
grains are ** dimpled with a small depression on the distal end 
of the gi*ain. When the grains are cut longitudinally, a small hollow 
is visible immediately below the dimple. Although the types having 
these dimpled grains are not very vigorous, they are esteemed by 
cultivators for their soft and tasty grains especially in the dough 
fitter, r?Slnjitmg can occur m grains with floury as well as 
catnenug endosperm, and has been noted in white, yellow, red 
brown grains, and also in pearly or chMky grains. Dimpled 
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grains contain nearly three tunes the quantity of reducing sugarb 
I'ound in non-dimpled grains. The starch grains in the dimpled 
types are also smaller than normal, due presumably to an arrested 
development. As the grain ripens and loses moisture, the imperfect 
development of starch grains leads to an unfilled cavity at the 
distal end which appears as a dimple externally. The dimpled 
character is a monogenic recessive to non-dimpling. 

Blotches on grains.— 'In some varieties of sorghum, the stylar 
scar is surrounded by a small purple spot, which behaves as a 
simple dominant to the grain without a purple spot. This spot is 
reddish purple or blackish purple at^rding to the leaf-sheath 
colour. As a variant of this purple spot, blotches of purple also 
occur on the grains in some varieties of African origin. 

Linkage relations . — In sorghum, there is a linkage between 
the genetic factors deteriuming the colour of leaf sheath and 
glume and the factors for brown colour in the dry anther and 
grain. Some varieties of sorghum possess a coloured reddish- 
brown integument layer just outside the aleurone layer. When 
varieties with a blackish purple leaf sheath and coloured integu- 
ment layer are crossed with varieties having a reddish-purple leaf 
sheath and no colour in the integument layer, it is found in the 
second generation that the doable recessive group, blackish purple, 
colourless integument is absent, indicating that the factors for 
blackish purple leaf sheath and colour^ integument layer are 
completely linked. Another instance of linkage is between the 
peurly-chalkl'y grain colours and loose-compact panicle shapes. 
Whereas the loose panicle gave both }>early and chalky grains, 
only pearly grains were found in compact panicles. The double 
recessive charKy-compact combination was absent. 

Waxy bloom . — Control of transpiration is effected in plants by 
various adaptations, including the secretion of wax. In sorghums 
the epidermis is coated with a waxy “ bloom ”, which is much 
thicker on tropical types than in sub-tropical types. Under normal 
conditions, irrigated types produce less of waxy secretion than 
rainfed ones. The plants have also the valuable feature of re- 
generating the waxy secretion as long as it is required. Geneti- 
cally, the ” heavy bloom ” character is dominant to ” sparse- 
bloom ”. One variety from Tanganyika was found to be 
completely devoid of any bloom. When this was crossed with 
sparse-bloomed and heavy bloomed types, it was revealed that 
another factor was also responsible for the production of bloom 
in sorghum ; when this second factor also was absent, a completely 
bloomiess condition resulted. 

Cleistogamy . — The failure of spikelet opening results from a 
factor which is responsible for the rolling in of the edges of glumes, 
as a result of which the glumes fail to open, and fertilization takes 
place inside the spikelet. This gene can manifest its presence 
only on a papery glume. 



imMOmS OF tHE DEPARTMBNt OF AGRICULTURE, MADRAS l3t 


Chlorophyll deficiencies , — NuinerouH types of chlorophyll defi- 
ciencies occur in sorghum, the commonest being a complete 
absence, resulting in seedlings that are white in colour. Such a 
cx>mplete albinism is lethal and white seedlings invariably die off 
in four or five days. 

Under the microscope it is seen that albino leaves are devoid 
of not only chlorophyll but of the plastids as well. A second type 
of deficiency is where the seedlings are pale-green and have a 
chlorophyll content of about 10 per cent of the normal. These 
die off by the twelfth day. A single gene differentiates this 
lethal pale-green ’* from the normal greens. A third type of 
deficiency is represented by the “ virescent whites w^here the 
seedlings appear to be very light green, giving the leaves a yellowish 
look. These too arc lethal and single gene differentiates between 
normal greens and virescent w’^hites **. The chlorophyll content 
in these is only 5 per cent of the normal. A fourth type of 
deficiency exists, wdiere the chlorophyll is 51 per cent of the 
normal and the seedlings manage to live for about six weeks and 
reach a height of six or seven inches, after which they wither 
and die. A fifth type of deficiency is the surviving type; the 
plants in this group arc able to live, Imt the growth is very poor. 
Yellow or “ xaniha ** seedlings have also been noted as yet 
another type of deficiency. These too are lelhal and behave as a 
monogenic recessive to green seedlings. A seventh type is ihe 
’* patchy albino ”, also recessive to normal green seedlings. They 
can be kept alive R>r about two months, with great care, but after 
that fH^riod, death is inevitable. 

Mutations , — The ocTurrence of new’' types of plants as a result 
of genic changes is now w^ll-known to plant breeders to wdiom 
they are sometimes helpful from an economic standpoint. In 
sorghum, a mutation has been recorded where the leaf sheath 
internode, midrib, panicle and glumes were all brown. This 
brown was not antlKX*yanic, and the mutant behaved as a mono- 
genic recessive to the normal plant with green internodes and 
wdiito midribs. Another mutant was a dull-midribed plant observ- 
ed in a pithy-stalked type of “ Muthwlu jonua ” from Hindupur 
(Anantapur district). A third instance was a plant with long awm 
and dull midrib in an awnless pithy-stalked type. 

Tiny sorghum, — A tiny plant averaging 18 cms. in height as 
against the normal height of 150 cros. in the parent family has 
been observed and studied in sorghum. Heterozygous earheads 
from crosses, when germinated m situ showed two types of seed- 
lings, normal and tiny. This dwarfing is brought about by the 
loss of a single gene and behaves as a simple recessive to the 
normal type. In such ** tiny plants, the number of ihternodes 
is the same as in normal plants, though very much reduced in 
The panicles also are greatly reduced in size, the 
ttllpsrs are devoid of pollen grains except in stray cases. The 
il^gmag are however receptive and hence the perpetuation of t^ 
A4f»~12 
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NUre type is possible only through segregating heterozygotes 
obtained after crossing with a normal pluit. 

Carrelf^mm in sorghum. — ^Height and duration are important 
economic characters in sorghum as in other crops* Usually early 
t^^s are short, while late types are ttdl. The latter group has 
if to 18 internodes on the st^k, with a bimodal distribution of 
internodal length while, in the former the intemodes are fewer 
(eight to nine) with a unimodal distribution of internodal length. 
Barheads on tall plants are heavier than those on short ones. 
The “ short-early ” is a monogenic dominant to the tall-late 
plants. 

From a detailed study of the different ty|.>es of correlations 
that o:(ist in sorghum betwe^ the weight of panicle in the mature 
stage (earhead) their length and thickness and Uie diameter of 
pedimclo, it is npw possible to predict the total grain yield of a 
plant, when the diameter of the peduncle, the length and thickness 
of earhead and the weight of 100 grains are known. 

Cytogenetic eludiee . — AH cultivated grain sorghums were found 
to have ^ 00 chromosomes. In the wild sorghums, the para- 
sorghums were found to have On = 10 chromosomes while in 
Sorgku ftf kfifepenee, the cltromosoftie number was On = 40. One 
wild species, Sorghum atapfii not reported b^ore, was found to 
have 00. Thus the collection available at the Millet 

l^emding Station included simple di]>loids with 2ns 10 cliromo- 
somes, tetraploids with 2u s 20, as well as octoploids with 
2n =40 chromosomes. More recently, tetrapioid forms with 
2n = 20 chromosomes were observed in Sorghum holepeme also. 
These tetroploid plants were larger than the. octoploids. 

In addition to these cytogenetic studies on sorghum a histologi- 
cal aludy has also been made of various cultivated and wild types 
of sorghum to understand the basis of the eobur, size and struc- 
variations found in this crop plant. In colour two types 
ejMst, viz., the anthocyanic and the non-anthocyanie, the former 
hei||g cimhned to the epiidermal layers of the pericarp of the 
whereas the latter was present in the integuments. In the 
SQF^mn grain (Iwitanically a caryopsis) the {lerioarp is persistent, 
and the outer integument as well as nmoeUue are absc^bed when 
the grain develops. In brown grains the inner integument is 
coloureds due to tannin deposits. This ooboration was reportei 
by 4mbrican workers to be present in the nuceUas, but the wiwk 
dope at Coimbatore places the cofouratum in the inner integumsf^. 
The brown tannin deposit renders the grain somewhat ^tec m 
that it is not a deeimblo character. 

WM*fofghm* and then fetation to cultheted epecieg.^The 
wild son^oma are Mieved to be anoestors of cultivate sorghums, 
The ls4tsr, ondcw ibie fosteanng care of fannNs, underwent a lot 
of changes in wdiich nniesirable traits were eliminated and 
dwirible trmofBm eharactMs retained. But the wild ones 
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oooiintifi to grow in tbeir nataral habitante, an^teotod and tin* 
o8fd fot. Some of them ih recent tiinee have acquired ft ceftaih 
amount of economic importance as fodder grasses. 

The genus sorghum is classified into broad sects Eu-iorghum or 
true sm-giiums and (2) Pata-torghMm. The distinguishing 
characteristics of tlie i'ara sorghums are the conspicuously bearded 
nudes and very prominent awns (length being up to 40 m.m.). 
They have only half the number of chromcjsomes found in the 
cultivated species. The true sorghums are further classified into 
subsects — /IrMndinorea and Halepenaia. The latter consists of only 
one known species — Sorghum halepenae which is popularly known 
as “ Johnson grass ”. It is a perennial with prominent rhiaomes 
and hag double the number of the chromosomes found in the 
cultivated forms. The subsect Arundinacea has been divided into 
two am'ies — Spontanea and Sativa. The former contains the 
important species of wild sorghums, from which the cultivated 
ones are presumed to have evolved. They have ten pairs of 
chromosrmies as in the cultivated forms, but different from them in 
many morphological characters. All the cultivated species of 
sorghums belong to the series Sativa, and the innumerable varieties 
and forms met with in these species go to make the wealth of 
variations existing in this Great Millet. 

(1) Para sorghums. — .^s recorded above, the para sorghums 
constitute a separate group by themselves and twe believed to 
have contrilruted little tf) the evolution of the cultivated ones. The 
important known species belonging to this group afe 
S. purpureosericeum , 8 . rersirolor, S. dimidiatum, and 8 . nitidum, 
A study has been made of the affinities, inter-relationships and 
differences of these four species. S. purpureoaericeutn and 
S. dimidiatum are very closely related to each other. The slightly 
reduced, half-coriceous glume of the latter is the only difference 
noticed and is brought about by a single gene. S. versicolor and 
8. nitidum show even greater affinity to each other. The 
sorghums of this group do not have much fodder value in Booth 
India, as they are unable to stand cuttings or any slight disturbance 
to tbeir root system. 

(Q) Other tvild sorghums. — The wild sorghums belonging to 
the Arundinacea gtoup have also been studied. The Sudan grasA, 
S. Sudanense belongs to this subsect. In one pure line of Sudan 
grass from Bussia the tips of all leaves from the fourth leaf upw'ards 
was found to dry up. Concurrently with this desiccation there 
was a drying Up ot the tip ot the panicle also, 'rtiis character was 
recessive to the non-desiocated condition. The peduncle in soigbtim 
is usually straight. In some it is slightly wavy. This 
predisposes to goosenecking. In Sudan grass the wavy peduncle 
is recessive to the straight one. The rare occurrence of eligulate 
and non*auricnlate condition has been recorded in the cultivate*! 
sorghums. In an clignlate type of Sudan grass . every panioh) Wfti 
found to have side-shoota with two nr three leaves and occasiupAily 
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with tiny terminal panicles from the axils of the panicle branches. 
This type was crossed with the normal ligulate type. The segrega* 
tions ^owed a close linkage between the factors causing eligulatS' 
ness and axillary shoots in panicles. 

Sorghum halepense . — This is the earliest known wild sorghum. 
It belongs to section Eu-sorgkum and sub-section Halepensia 
(Snowden). The presence of rhizomes is the distinctive feature of 
this group. A study has been made of the samples both Indian 
and foreign. Purple colour in the stigma is a monogenic dominant 
over the non-pigmented condition (yellow). An interesting expe- 
rience in anthesis (probably mutational in origin) has been noted 
in a variety of S. halepense received from Palestine. Here the 
filaments fail to elongate. This results in tine anthers being stuck 
up inside the flower, resulting in poor pollen content and only stray 
dehiscence. The stigma being normal and receptive, there is 
natural crossing. The reduced fUaments are a simple monogenic 
recessive to the normal filaments. The compact panicle in this 
species was found to behave as a monogenic recessive to the loose 
panicle. Stray cases of extra fertility of spikelets and ovaries with 
triple stigma have also been found to occur in Sorghum heJepense. 

Economic Work — Evolution of strains — By selection . — The work 
of the Plant Breeder is one of continuous effort to find out varieties 
that are superior to what exist already. This is achieved by the 
introduction of new varieties from other tracts, by selection of 
improved types and by hybridization, followed by further selection 
and isolation of superior types that combine desirable features from 
two or more cultures. Side by side with the genetic and other 
fundamental aspects that were studied in this crop, experiments 
were also carried out from the very inception of the Millets Breeding 
Station at Coimbatore, to evolve superior strains that would give 
better yields than the varieties now grown in different tracts and 
also to evolve strains that would suit tracts where existing strains 
were not acceptable. A number of high yielding strains have been 
evolved already at Coimliatore and other stations in the State. 
[Plates 16 (a) to (d).] Strains suited for both irrigated and rainfed 
conditions have "been evolved. These have become popular and are 
capable of yielding from 10 to 15 per cent above the local varieties. 
A summary of the strains that have been evolved at the various 
Research Stations is given below : — 

List of improved abraina evolved tit aor^itm. 

Bmin Sowing teaton. JUntarhs. 

fifim&er. 

AgrUstiOhml Btmureh Siatirng AnakopaSko 

AKFo 1 • • Jini»*Oet 0 b«r to Novom* Bwldt paiita. 

ber^Vbbnwy. 

jUOo f Do. Do. 

AKF.i Do. YUAitimmMAmr 




Plate (a). — Impro^'^d Sorghum strains. 







Plat€ 16 {b),^Improi€d Sorghum strahis, P. 142 




Plate H> ((.). - Imnrov&l nfrahis of millets. 



Plate 16 {d). — Improved viilltts strains. 


V. 144 
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Slrain 

number* 

G. 1 

0,2 

0.8 

0.4 


Sowing Mason* Rmarks. 


AgricuUural Ressareh Station, Quntur. 

Segtember-Ootobor to Pyru Jonna selection. 
Deoember-J aauary . 

Do. Do. 

Jiine^uly to October- Pitnasa Jonna selection. 
November. 

Do. Do. 


N. 1 

N, 2 
N. 8 
N.4 
N. 5 

K. 6t«N. 9. 


Agricultural Research Station, Nandyal, 

June-Ootober to October- Popular in Kurnool . 

February. 

Do. Do. 

Do. Popular in Kumool and Proddatur. 

Do. Do. 

Do. Popular in Cuddapali. 

Do. For the various sub- tracts in the main 

tract. 


Agricultural Research Station, Hagari. 

H. 1 . . October to February . . White grain. Compact ear-heads. 

M. 47-8 . . Do. * . White grain. Loose ear-heads. 

AgricuUural Research Station, Koilpaiti* 

K. 1 January to May (irri- 

gated) and September- 
October to D^mber- 
January. (Kainfed). 


Mulcts Breeding Station, Coimbatore. 


CO. 1 

.. July August to Deeem- 
Iwr-January. 

CO. 2 

• . Do. 

00.8 

Do. 

00.4 

February-Maroh to May- 
June. 

00.5 

. . March to June . . 

00.6 

Do 

00,7 

. . Do. 

00.8 

Do 

00.9 

. • Do. 


Periamnjal Cholam, popular in Coim- 
batore and adjacent districts; also 
good for fodder. 

Talaivirioban cholam, popular in Coim- 
batore, Salem, Tiruchirappalli and 
Chittoor districts. (RainM). 

Talaivirichan obolam, popular in Coim- 
batore, Salem, Tjruchirappalli and 
Chittoor districts,' Grains pearlv. 
(Rainfed). 

Senoholam, grown irrigated. Yields 
2,000 — 2,500 Ib, of grain per acre. 

Chinnamanjal cholam. Duration 100 
days. Irrigated. Yields 2,200—2,750 
lb. of grain per acre. 

ChitraiveUai cholam. Duration 115 days. 
Popular in Coimbatore district. 

Vellai cholam. Irrigated. Duration 
110 days. Yields 2,600 — 3,000 lb. of 
grain per acre. Pc^ular in Coiml^tore 
taluk. 

Ennai Vellai cholam. Irrigated. Dura- 
tion 100 days. Yields 2,500—2,700 lb. 
Popular in Avanashi and Gopichetti- 
paiayam taluks of Coimbatore disU^ct. 

Vellai cholam (kesari). Irrigated. 
Duration 95 days. Yields ^500— 
8,000 lb. Becoming popular in many 
districts especially Coimbatore, Tim- 
ohirappalli, Tinmelveli and Rama* 
naihapuram distriots. 
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Strain Sowing ttHHath Jlnfearlll. 

numhor. 

Milieu Breeding Station, Ooimbalore—eaat. 

CO. 10 . . Marcb-A<wi^ (Ini. A foddar^acMjr. Yi^ «4,000 lb. ot 

gated). June-Deoem. green foddn aa4 MO— 2,000 lb. id 
ber (Rainfed). gteiu per acm ua^ irrigation. 

CO. 11 .. ManWnne (Irrigalad). FocMee (fluten. YieUe from 10,000 to 

Auguet-Hovember 20,000 lb. of gtemi ibdder and 2,000 lb. 

(Rainied). of grain pe* Aore under irrigation. 

CO. 12 . . Janoary-March or April- Fnnn Uppain or Mottai vellai ohoiam of 

June. CctoiMnMe. Irrigated. Popular in 

OefndNNMr^ Tiraefairappailli and 
Chittoor dietrieta.- Dwation 00 daye. 
CO. IS . . January 'FebruaiY to From Snnai y«Qai obolam of CoimbatorO 

Marcm-April. diatriot. Irrigated. Duration 104 

daye. 

Hybridisation. — ^Beootirae was taken to hybridisation for widon- 
ing the scope for selecting desirable types. From the progenies of 
crosses between Petiamanjal choiam (Sorghum durra) and 

S. caffrorum, two selections With juicy stems bare been taken tot 
yield tests. Prom another cross between two high-yieldine selec-* 
tions of Perianianjal choiam (CO, 1 adid A8 3506) 114 selections 
were taken to choose the best of them as superior strains. Seven 
hundred and fourteen selections from crosses between falaivirichan 
choiam (Sorghum roxburghii) and 8. tonsf^icitotn types are also 
under tests to evolve a Talaivirichdn strain with a bold-grain. 
Similarly, in order to improve the grain siae in the Chinnamanjal 
strain CO. 5, it was crossed with a bold-grained African type named 
“ 8uffa " and the selections from these cfMscs are under study. 
Sevmil crosses have been made in a similar manner to improve 
the grain site in Itungu types suited for the 1?irunelveli tract. A 
juicy-stemmed Tcdmoirichan choiam (AS 5045) was crossed with 
AS 1093, for improving the ^ality of straw of the Talaiviriohan 
strain and fonr selections fftrtfi these are in the final stages of yield 
tests, along with another mutant, AS 7463, with juicy-stems. 
Similarly kaki jonna, a fodder variety with pithy st«n was crossetl 
with an American ty|» “ Honey sorgo ” for improrvlng the quality 
of fodder and promising seftections from these await yield tcslc. 
A number of other crosses also have been made for improving the 
quality of fodder in irrigated sorghums and are under study at the 
Central llillel Station at (Koimhatore. 

Woolution of sorgHvtn wttioUes resistant to Striga . — ^RaifiMI 
Sorghuin crops iii SmdrOs are often subject to the attack of root 
parasites Striga lutea and 9. donsifhra which in some years assume 
a sttiods form. Striga oeeurs m a serious p^ at sorghum in the 
Periamaitfat dholdm Irttct in Ihe district of Coimbatore and in the 
PtAoUd fonua traci ot the lltnmool district. The work was first 
taken np fw the Coimbstore tract and the wmld collection of 
sof^nm types availihle at Millet Breeding Station was gone 
thfoogh to plilk oat hetisttort tl^. After extensive studies during 
veers of Wvy infortotwn, two types, “ Bonganhilo " from 

Africa (AS 40Wb »ftd B0Miigan ” of Bombay (AS 4698) were 
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ehosea as resistant to the parasite and both were crossed with the 
Perianutnjal cholam strain GO. 1 and the progenies w'ere tested for 
(striga-resistance by growing them in a field heavily infested with 
Btriga. Three promising seleotions are available at present for 
further tests and purification before release as Btriga-resistant 
strains of P»riamanjal cholam. 

A scheme of Btriga research has also been started in i‘J4U under 
the joint auspices of the Indian Council of Agricultural Kesearch 
and the Madras Government. The work is programmed to be 
carried out at four centres, viz., at Coimbatore, Hagari, Nandyal 
and Guntur, witli a variety of control measures Uke Agronomic 
operations, chemical sprays and the breeding of resistant types. 

Agronovtic empcrimentit . — It has been found by tests carried 
out at the Millets Breeding Btation, Coimbatore, that sorghum seed 
retains its viability longer in the earhead than when kept loose in a 
bottle. The majuraum ‘ period ’ for which the germination capa- 
city is retained at high levels is 34 months. 

With increasing depths of sowing, a progressive decrease in 
germination and in the number of secondary roots has been noted 
in sorghum. An experiment was conducted in 1948 with seed rates 
varying from six to 21 lb. per acre and it was found that for Peria- 
manjal cholam, a seed rate of 9 lb per acre gave the maximum 
yields of grain. For fodder, the optimum seed rate was found in 
the Central Farm to be 80 lb. per acre. Higher seed rates improve 
the quality of fodder as the stalks get thin and fine but the out- 
turn is less. At Koilpatti, experiments carried out during 1935 
to 1941 with “ Jrungu cholam ” have shown that a seed rate aliove 
60 lb. per acre did not materially improve the yield or quality if 
fodder. The local rj’ots’ practice of using 120 to 150 lb. of seed per 
acre is thus very high and wasteful of seed. At Guntur, ex|)eri- 
ments conducted during 1937 to 1939 showed that 40 lb. for i 
fodder crop and 18 lb. for a grain crop were the optimum seed 
rates. 

Spacing , — For rainfed Periamanjal cholam, two links hetweea 
rows was found to be the optimum spacing at Coimbatore, while 
at Hagari (Bellary district) the optimum spacing for jonmi was 18 
inches between drill rows. At Koilpatti in 1927-28 sowing in rows 
with the help of drills was compared with broadcasting. There was 
no difference in yield between the two treatments but drill sowing is 
desirable as it facilitates subseiinent operations like weeding and 
hoeing by cattle power and harvesting can l»e done more easily 
and expeditiously. 

Planting. — ^In parts of Visakhapatnam, Chittoor, North Arcot, 
Salem and Madurai districts, irrigated sorglium is transplanted with 
swsdlings risised in a nursery. To compare the economics of this 
practice with direct sowing, experiments were conducted for three 
consecutive seasons at the Millets Breeding Station and it vras 
found that direct sovring was the betfer practice. 
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Cultural operations. — Experiments conducted at Koilpatti have 
shown that ploughing was not an indispensable operation for 
securing normal yields in “ Irungu cholam,” Keeping the land 
free from weeds appears to be quite as good as ploughing with a 
mouldboard plough in this tract at any rate. At Hagari too'it was 
found that deep ploughing was not essential in black soils and was 
apparently useful only as a means of eradicating stubborn weeds 
like “ Cynodon dactylon.” Ploughing experiments at Nandyal, 
with different types of ploughs, and varying number of ploughings 
and comparing their effects with the use of gorru (drills) and 
gimtaha (blade harrows) over a number of years, failed to show any 
significant differences. At Quntur, the effect of ploughing with 
different tyyei of ploughs like the Victory, Sabul, Monsoon and 
country ploughs was studied from 1928 to 1931, but no real difference 
could be seen between any of these, but experiments on preparatory 
(.ultivation, given by country plough, guntaka and $iorru from 1941 
to 1943, indicated that the best yields were secured when maximum 
cultivation and ploughings were given. 

At Hagari, two intercultures were found to be the optimum 
for jonna (Sorghum). 

Bunding. — Experiments at Hagari by putting up small C-inch 
bunds and dividing the fields into small plots of five to ten cents 
showed that in years of deficient rainfall, the increase of sorghum 
yield as a result of bunding was more marked than in years of 
sufficient or heavy rainfall. At Koilpalti and Guntur also bund- 
ing was tried as a means of conserving moisture and preventing 
erosion, but no significant difference was noticeable in the yields 
from bunded and non-bunded fields. This is probably because the 
rainfall is higher in these two stations than at Hagari where the 
a^erage is only 18 inches per annum. 

Manuring. — Application of farmyard manure to * Irungu ’ 
sorghum at Koilpatti did not improve the yield to any significant 
degree. At Nandyal, the experiments indicated that it was more 
economical to apply farmyard manure to the sorghum crop than to 
the succeeding crop of cotton, as the cereal responded well to manur- 
ing and a sufficient residual effect persisted in the second year for 
the cotton crop. At Hagari, on the other band, no residual effects 
were apparent on sorghum with any of the different doses of farm- 
yard manure that were tried. 

An experiment to compare the relative merits of compost and 
cattle manure was conducted for three years (1939-1942) at the 
Central Farm, Coimbatore. The results showed that both these 
manures were helpful in increasing yields to more or less the same 
degree. Higher doses of either manure gave significantly higher 
yields. At Nandyal in a similar experiment from 1930 to 1943, 
iMith compost and cattle manure gave hi^w yields than no mmiure, 
only in the case of straw yield, but not in gnun. In the case 
sorghum for fodder, compost was more beneficial than aff other 
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treatmentB. At IJagari, ‘ Jndore ’ compost and farmyard manure 
were compared and tiieir lesidual ell'ects also studied. Both were 
better than no iiuinuie and between tiie two, farmyard manure was 
better than conniost. 

Green manure , — Incorpora lion of green manure m dry lands 
for a sorghum crop gave improved fields at Ciiihtur in 1930-1938 but 
a similar trial at Nandyal did not show any signiticant difference ia 
grain yields, either with or without tlie addition of superpliosphate 
ia the green manure. 

At Guntur, sorghum yield was imiu*oved In an apjdication of 
5(i() lb. of groundnut cake and l,0o<> lb. of farmyard manure per 
acre as against no manure. Th(‘ possibility of using molasses as 
a manure for irrigalinl sorglunn was tested at Hagan in 1940-41. 
^lulaKses when apjibed at eight tons ptu* a^ re gave higher yields 
in both grain and straw, l>ut tlu‘ iiun^ase was not statisticailv 
significant. Anot!u‘r experiment at llagari, showT^d that applica- 
tion of iVrliliyers like ainmoniiim sulpiiale and suficrpliospliate did 
not in(*rease tin* vieids m sorghum, l-ut at (luntur in 1931, direct 
application ot ainmomuin sulplno* and -upii pho-phate ov'er a basal 
dressing of farmyard manure for I^yru jnuna (-own m October) 
gave up to b7 per cent increase of viehl je, er the control. 

Pesi^^ and diseases . — A mon^ detailed recount of tlie van ms 

jie.sts aiul ibscas<*s that attack sorghmn will be foiinvl in 
f-hapler.s *22 and 23, and heiu*e only a hsi of {\\ese is given below, 
in tin desc<‘nding order of importance : — 

Insect pests of sorghum — 

(1) 71ie (‘arliead bug. iChi/ocnr/v atnfusfutus L.\ 

(2) The motli-borer, (Chilozonellu^ S.) 

(3) 'Fhe red linirv cnt(‘rpdlar. {Amsacta nibistriga M.) 

(4) 'Fhe divean gras^ hopper. (Calcmania spltcnnroides, B \ 

(5) The fly maggot-borer. I ntherajcnni Didica M .) 

(fi) The shoot caterpillar. (Cirplas nni punctata H.'t 

(7t The shoot bug. (Perigrinus maidts D.) 

(8> Plant lice. {Aphis viaidis FA 

(9^ Stored product pest. (Calandra oryiae L.) 

(10) Stored product pest. (Uhiwpertha daminica F.) 

Diseases of sorghum — 

(1) liong smut, (Tolyposporium ehrenhergi.) 

(2) Whole earliead smut, (l^pharelothcca reiliana.) 

(5) Rust. (Puccinui purpurea.) 

(4) Leaf shredding disease. (Sclcro^pora sorghii.) 

(5) Striga. (Striga lutea and Strtga dnisiflora — Root part- 

sites.) 

Hartfesting and yields , — Sorghum plants when ripe are har- 
vested by means of a sickle, cutting tliein at four to six inches above 
ground level. In the Ceded districts, where the crop is allowed lo 
get dead ripe before harvesting, the plants are usually pulled ou*^ 
%e yields vary very widely according to soils, sea.sono, the nature 
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BlMrieti. 


foUI area. 

Irrigated. 

tTnirrlgated. 



ACS. 

AOS. 

AOB. 

1 Coimbaton> 


297,400 

61,400 

236,000 

2 Salam 


296,000 

36,000 

269,000 

8 TiruohirappaUi 


239,300 

37,800 

202,000 

4 Ttnmelveli 


192,640 

3,540 

189,000 

5 Qimiur 


190,460 

2,060 

188,400 

.6 Visakiiapatiiain 


179,720 

720 

179,000 

7 Aoaatapur 


170,120 

120 

170,000 

8 Cbiitoar . . 


143,200 

18,200 

126,000 

0 Baiii«naihapuf»iii 

140,320 

6,320 

134,000 

10 BnOary . . 


137,110 

110 

137,000 

11 Kellore .. 


118,200 

80,000 

33,200 

12 Cuddapah 


109,800 

28,300 

81,600 

18 South Aroot 


91,450 

8,650 

82,900 

14 North Aroot 


73,400 

18,400 

60,000 

16 JSlumool 


66,600 

12,0.00 

54,600 

16 Baal Qodavari 


61,300 

. . 

61,300 

17 Madurai . . 


42,500 

11,300 

31,200 

18 Kriahna .. 


20,400 

. . 

20,400 

19 Chingioput 


14,370 

3,070 

11,300 

20 Weat Qodavari 


12,900 

. • 

12,900 

21 Tanjora . . 


6,900 

1,190 

4,710 

22 Malabar .. 


10 


10 

23 TheNllgiria 


10 

•• 

10 

Total 

2,696,600 

323.670 

2,273,030 


The average annual production of bajra grain in this State is 
estimated at six iaklis of tons. 

Climate and soils . — Bajra can be grown in regions of low rain- 
fall with 17 to 30 inches per annum, in places where even sorghum 
fails to come up well. It is shorter in duration than sorghum and 
is grown both as a pure crop and also mixed with a variety of other 
crops Uke redgram, horsegram or lablab, and sometimes mixed with 
blackgram, gogu or gingelly in black cotton soils. The crop is 
cultivated on a wide variety of soils; from black soils to various 
grades of red, gray and even sandy soils, mostly as a rainfed crop 
and to a small extent under irrigation as a hot weather crop. 

Varietal introductions and trials — ^In the same way as in 
smrghum, a wide collection of samples from different parts of India 
and other countries was gathered and studied in the Central Millets 
Station at Coimbatore. Sobsequently the work was extended to 
other stations of the State such as Anakapalle and Eoilpatti. 
Following the same methods of selection as adopted for sor^tun, 
a number of impiroved strains were evolved and these are listed 
below. (Plate 18.) 
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Bjr selection. -^Tbe followittg improved strains have been 
releawid : — 


SUfeliaiMber. Sowing seiMiai Bonarki. 

AgfisMural BesemsA AnaSMp(dU. 

AKV^ I to Atsfngt* From local 

icpiember. 

.. Do« Do. 


K. I 


AgriovUmral B^mnUk Sta^ion^ KoUpaUi. 

injIpiiM aod Fopolar in Tinmolvoli and 
rwfed. _ Ramana^apurom. 

Do. Popular in RaaHuuitBafNvaiB* 


MitUU Breed^fHf iS^ion, Odmtaiore. 

00« 1 . « . • MarobfApril to JnnaJaly A aeleotion from African tyM ; 

irrteaM and flwplettnber- duration S6 days. Buitabla 
Biaambar rainfriA for Quntur, Clliltooiv North 

Aroot^ Salem» Cdinhatora and* 
other districts. Contains 15*5 
per oant protein. rie|(ti IvSOO 
to 2,000 lb. ol fsain oSKlia 
irrigation and 900 ib. under 
rainfed conditions. 


CO. 2.. 

Julv-Scpiemper to Octobcr- 
Dsoember. 

ca.8.. 

Maroli- April to June- July .. 

CrOMCs 1 and 

Do. 

li (BEyfariUi). 



A selection from a Bombay 
variety, attitable to Ooimhatoie 
and Chitteev diatdcta. 
DuraU<m 90 days. Yfolds 500 
to 900 lb. per aof e. 

From Kottaptili oumbu ; duration 
80 days; irrigalasl vasloty; 
yields 1,200 to 2,000 lb. of 
grain per acre. 

From X-rayed material ; yields 
from 1,600 to 2,000 lb. under 
irrigation ; suitable for 
aoutham dMricts. 


Fundamental studies — Oermination tests . — Germination tests 
made on seeds gathered from various sizes of seeds do not show 
and difference in their sprouting capacity. The size of the seed 
filiowed a progressive decmie with the lateness of the earhead. 

Anihesis and polUnation. — ^The iafloresence of the pearl millet 
is a spikdf being composed of a central raohis and a number of 
seriat^y cbsposed, clo^ly packed fasicles. Each f aside includes 
ox^ or more spiimlets a whorl o| free bristles. But these 
bristles are not common in the cultiv|tted varieties. The most 
noticeable feature Cf the ear-head on emergence is its protogynous 
condition with its mass of protruding, glistening stigmas which 
tmmn freshf for 12 to 24 houxe^ acoox^ng to weather conditions, 
i^cuies sm absent in^ the iqrilmleto at this millet. The mm- 
gem& ot anthers from the flowexe was observed. Antheais goes on 
tironghbut the day and night, the maximum lowering being 
bnlMm. 10 ^m. mi 12 midn^bt Doting the day, th^ is a 
sh|^ nise gmm to fr.m. The weakest ^weting is at 4 pm., 
of high humidity and a fall in temperature are markri by 
increased anthesis. (Plate 19.) 




Plate 19. — Ajifhe^s'ii, in I'ajia hewh 


1^, lo5 




MBMOIBS OF THE DBFARTUEHT «F ACmCOtTUBB, MAlMMt l^f 


B'a$al branching . — An odd seed of peari millet taken from sooM 
sorghum seed imported Stoai Nigeria, gate aa earhead with oauMial 
length. The basal portion of this ear was normal and unbranched. 
When seeds from this plant were sown, segregations were noticed 
for normal heads with unbranched bases and those with branched 
bases. This branched ‘ atavistic ’ condition is recessive to the 
normal nnbranched form. 

Brittiea. — The fascicles which (xnnpose the ear are surnioanded 
by 30 to 70 bristles. Bristled spikelets have been met with in 
certain types. These bristles were found to be a prolongation of 
the fascicle axis at the end of which the spikeiet is borne as a 
lateral appendage. Pennisetum echinurus, an African ^cies, is 
full of long bristles. Unlike the normal types, bristled bajra has 
a reputation for keefsng off birds from peeking the grains. But 
in the varieties studied, the longer the bristles, the greater the 
shedding of the fascicle and lesser the density of packi^ of the 
grain. The condition in which the bristles are suppressed in expres- 
sion and remain below the grain surface is recessive. 

Interspecific crosses — Pennisstim leonis, a new form from 
Africa, was crossed with CoimbatCHre varia^. The PsimiseUm 
leonis characters were found to be dominant. 

An autotriploid was observed in the progeny of a sterile bajra 
plant- The vegetative characters of this did not differ in any Way 
from those of the diploid. The number of chromosomes of this 
plant was 21 (2n), while the normal diploid showed only 14. The 
meiosis showed a high frequency of trivalent formation. The most 
common configurations were chains of three frying pans and Y- 
types. Bings of three chromosomes were noted and in a few cases 
higher associations than three were met with. These are consi- 
dered to be doe to segmental interchange. Fragmentation and 
bridge formation were frequent at the first and second anaphases. 
In the trivalent, inversion has taken place in one of the homologues, 
and this plant therefore belongs to the class of structural hyteids. 
Tetrads were normally formed and some free pollen was obtained 
but the plant was highly sterile and all attempts to get seed out of 
it were unsuccessful. 

Studies in hybrid viffour . — ^Bajra being a normally aross-poUi- 
nated plant, crop in^rovement in this was sought to be aoco^lish- 
ed by utilising hybrid vigour as was done in maize in the tfnited 
States of America. The extent of natural crossing in this crop 
WM first determined in 1948 in different parent lines laid out in 
different systems of sowing. The percentage of natural crossing 
was found to vary from 2t to 80 according to the treatments, the 
higher percentages being obtained by sowiim the parents in a^a- 
cent rows two links apart on the same day (T7’8 per cent.) mid also 
by mixing the seeds of the two parents in the same row, in file 
proportion of dhe female to ttnwe male parents (75*7 ptt* cent). 
SmoB ba|M is herttiaphrodito wb«r«as maise is mcnceciews, iSse 
ietosl teiatiniqfie of ^^^twing hybfid seed in bajm had to be ^ftveol 
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from the one adopted for mause. The only hel{dal feature in this 
crop is the protogynous nature of the spikelets. 

By 1949, two hybrids X-1 and X-2 were evolved and tested for 
yield in ryots’ fields in different bajra-growing districts. They 
were found to give an average increased yield of 40 per cent over 
local varieties in the southern districts. Evolution of other hybrids 
suited for the northern districts is in progress along with the in- 
breeding of a number of parent lines of good combining ability as 
judged by their hybrids, in order to stebilize them for use as parent 
stock for further crosses. 

Cytological studies. — The chromosome number of bajra is 
2n s 14 in the cultivated varieties and 2n » 21 in the auto- 
triploid that was referred to earlier. A cross was made between a 
cultivated diploid bajra and the wild tetraploid species, Pennisetuin 
purpureum with 2n = 28. The hybrid was an allotriploid with 
2n = 21. As this primary hybrid was found to be a good fodder 
grass, a fertile amphidiploid of this hybrid was produced, with 
2n = 42. The progenies of this fertile plant are under test for their 
suitability as fodder crops. In the sterile primary hybrid itself, a 
very small percentage of seed setting was observed, giving rise to 
heteroploid plants with chromosome numbers of 2n == 42, 22, 21. 
The hybrid and progeny were in addition found to be rust- 
resistant as well and ^is valuable feature is now being transferred 
to the cultivated species by means of suitable crosses. 

Various types of sterility have been observed in bajra. One 
type behaves as a simple Mendelian character in inheritance while 
other types of sterility are apparently chromosomal in origin, being 
caused by failure of synapsis, segmental interchange, fragmenta- 
tion of chromosomes and agglutination of chromatin resulting in 
abnormal meiosis. 

Agronomic Experiments — Sowing. — ^A trial was made in 1916- 
17 to see if bajra could be sown dry in the field before rains are 
received, but ihte results proved that dry sowing was not so good as 
after rains. Drilling versus broadcasting was tested as Eoilpatti 
in bajra in 1907 and again in 1931-82 and it was found that both 
gave similar results. There was also no difference in yields between 
bajra drilled in rows one foot or one and a half feet apart, but from 
the point of economy and convenience of interoultivation, drilling 
in rows 18 inches apart was decided as the most suitable. 

To compare the relative merits of direct sowing and tranq>Iant- 
ing bajra, experiments were carried out at Coimbatore in the MiUels 
^tion and it was noted that both the tfansplanted and the earliest 
sown plots gave more yields thm the control. The extra cost in 
raising a nursery and transidanting was cowed by the increased 
yield from the- planted crop* 

. Cultural operations. — An experiment was condtRsted at Koilpatti 
between 1936-47 with three iieatments, (1) working with Mmiaoon 
plough for the preparatory oultivatioii for bajra (2) woridng with 
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guntaka, and (3) no .laughing- No distinct difference could be 
seen between these treatments in point of bajra yields, showing 
that this crop does not require a deep preparatory cultivation. At 
the same station, experiments on bunding the fields to prevent 
run off of rain water were conducted between 1933 to 1945, but no 
effect was seen with bunding, owing probably to the fact that 
Bi^cient water for bajra growth soaks in even without bunding. 

Manuring — Koilpatli. — Farmyard manure stored in three 
different methods, viz., loose box, byre and heap were applied to 
bajra, but though all three were better than no manure, no differ- 
ence could be seen in the yields from different systems of storing 
the farmyard manure. It was also noted from other trials that 
broadcasting the manure in the field was quite as useful as drilling 
it4iilong with bajra seed in the rows at sowing time. 

Compost V. Farmyard manure (Agricultural Research Station, 
P^r ). — ^Bangalore compost, modified Indore compost and farm- 
yard manure were tried on bajra at five and ten tons per acre against 
no manure as control. The best yields were obtained in plots 
manured with Indore compost at 10 tons followed by the 5 tons 
per acre dose. The residual effect of these manures on bajra, 
following ragi was not very appreciable. 

The effect of supplying nitrogen in various doses to bajra in the 
form of ammonium sulphate and groundnut cake with and without 
superphosphate was tested at Koilpatti. These manures were 
applied both directly to bajra and indirectly to the crop preceding 
bajra and their residual effects studied. The direct application of 
ammonium sulphate at 2 cwt. per acre or groundnut cake at 500 lb. 
per acre along with 1 cwt. of superphosphate to bajra, increased the 
yield by more than 100 per cent. If these manures were applied 
first to cotton, their residual effect on the baj’a crop that followed 
was as high as 40 per cent over no manure- Taking into account 
the cost of manures and the cost of applying them, direct application 
to cotton was more profitable than applying them to bajra. Nitro- 
gen supplied -in the form of groundnut cake was more useful than 
in the form of ammonium sulphate. 

At the same station, trials were carried out from 1923-26 to see 
if superphosidiate and calcium cyanamide alone or in combination 
would improve bajra yields. The results showed that cyanamide 
by itself or with superphosphate increased bajra yields, but that 
super by itself had little effect. 

Pretreatment — (MiUet Breeding Station, Coimbatore). — To 
assess the utility of cow’s urine as a manure, seeds of bajra were 
soaked in 100 per cent, 10 per cent and 1 per cent cow’s urine and 
compared with the yield obtained from control seeds soaked in dis- 
tilled watffl* alone for four hours. The lOO per cent cow’s urine 
treatment gave significantly higher yields than the other treatments 
which were aU more or less equal to one another. 
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Pegtt and diseases. — ^Bajra is sob^act ienfooese or less Hm ssma. 
pests as Bcnrpiiiiuu and the same diseases. The ma}or {tests are tdw 
red hairy oaterpilltu- (Ameaota Mhistriga M) and hist Dsoeaa graae> 
ho{^mr {Colemania sphenaroides B) a^ in addition to tiaesa a fav 
mukor pi^s like the blaek headed hairy eaterpiUar, the plaot bug 
Nesaria viridula and bliatar beetles are also found stHnetiaoes. 

The chi^ diseases are : Smut (Tolf/posporium fUifertm) and 
the green ear disease Sclerospora graminioola (Sclerospora gramini- 
cota). The appropriate remedial measures will be found along with 
the description of these pests and diseases in Chapters 22 and fKI. 

Harvesting and yields. — The crop matures in four or. five months 
and is harvested by cutting off the earheads with sickles. When 
the tittering is profuse as in the case of irrigated crops, the harvest 
has to be done twice, as all the earheads do not ripen at the same 
time. Tpe cut heads are removed to the threshing floor and thresh- 
ed out either by beating with sticks or treading them under the feet 
of cattle or by using a stone roller as in Mysore. Storing and 
milling are similar to sorghum. The yields are very widely vari- 
able ranging from 600 to 900 lb. for the pure crop under favourable 
rainfed conditions and from 1,000 to 2,000 lb. of grain from an 
in'igated crop. 

Food value of bajra. — ^The grain is oonsomed either as “ Son- 
fodder. 

Food value of bajra. — The grain is consumed mther as “ San- 
goti ” or as eakes. ‘ Sangati ’ is made by eonverting the grain 
Into ttom* and cooking it in water till it beccnnes a paete of suitable 
eoEsristency. Cakes are made from bapw flour just as with any 
othor flour. The average chemical oomposition of the grain is as 
briow. (Ahroyd.) 
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Baoi — (Eleusina voamemm^ Qaartse). 

The Finger Millet : (Telugu : Bsgi; ChoUu; Thaidalu; Tjwil : 
Bdgi, Keshvaragu; Kannada: JHagi; - Muthari; Hindu- 

staoi ; M^ndm, ritgi,) 

Production and importance.— io a widaly oultitaded crty 
of the tropical and sub-tropical regioua o£ tita wa^» grown 
in Africa, Madagascar, India, Ceylon, Malaya, China and Japan. 
In India this cereal oeenpies dliottt 6'6 niilion acma, of winch 
Madras and Mysore account -ter neafly fear miffion sows. Madbw 
has an area of 1-75 milHon ac»es under tagi, wlUeb repMsents tkmdk 
6 per cent of the total area The nomwl 

area in the dilSferont dislirictB of the 9late iw given hekw in desossM^ 
ing order of aereage. Out of the tbte! area ef 1-79 millMMi aema, 
62 per cent is rais^ under hrtiguiioB UUd'llie vettiindeu as a nfetM 
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MOp* 'fibe average atmnal production of grain is estimated at 
760,850 tems year in Madras State. 


0iieiiot. 

Total area. 

Irrigated* 

Unirrigatel. 


A08. 

a6s. 

AOS. 

t saiMB 

280,900 

88,000 

247,000 

» VtHUu^pelaaai 

240,000 

192,000 

127,000 

8 Ooimlwtofe 

174,000 

100,000 

74,600 

4 Ohittoor 

147,100 

55,700 

91,400 

B AMtttapur 

98,800 

80^700 

18,200 

4 Hortii ArocH . . 

97,000 

75,500 

21,500 

7 BwnmiathftpiOTiii 

91,700 

48,000 

43,700 

8 Ctiingleput 

88,000 

65,300 

22,700 


83,200 

77,700 

6,500 

10 Soutli Arooi 

76,200 

60»400 

15,800 

11 Caddftpah 

02,290 

56,300 

5,990 

lIMMufiii 

60,200 

40,300 

19,900 

18 TimobliippttiU 

14 Tirunelvali •• 

S6,700 

33,060 

31,300 

31,200 

25,400 

1,860 

18 Bellafty 

88,090 

6,690 

21,400 

16 Ami aodftvari 

26.380 

280 

26,100 

17 Kumool 

21,^0 

17,400 

4,120 

It Gtintiftr 

1X«S0 

7,280 

10,400 

19 Tanjore 

16,720 

10,700 

5,200 

20 Malabar 

11,100 

. . 

11,100 

21 West Oodavari 

9,410 

740 

8,700 

22 Kriahna 

8,600 

700 

7,800 

23 South Kanara . . 

6,410 

, , 

6,410 

24 The Nilgiria 

4,420 

•• 

4,420 

Total .. 

1,748,110 

922,090 

826,020 


Climate, soils, etc . — Unlike rice, ragi can be grown in practi- 
cally all the twelve months of the year though in actual practice 
there are two well-marked seasons in Madras. The must important 
is the main season where the sowing is done in May to June.* The 
other season is from November to the middle of January. This is 
known in the northern districts as the “ pyru ” {cold weather) 
season. Sometimes in wet lands, ragi is also grown in December- 
January after the harvest of a rice crop. In dry lands, the sowing 
is generally deme with the commencement of the South-West Mon- 
soon in June-July. 

Bagi can be grown on a wide variety of soils, from the very 
poor to the very fertile, and can even tolerate a certain degree of 
alkalinity in soils, but thrives best on good arable land where the 
Boil is a well-drained loam or clay loam. (Plate 21.) 

Sowing . — The land is prepared after the harvest of the previous 
crop by giving two or three ploughings, applying manure and 
ploughing it ia. After bringing the soil to the proper tilth, the 
bunds and* channels are formed, and the field thrown into beds 10 
to 13 feet square and levelled. Seedling are raised in carefully 
preparad- imrseries which receive heavy dressings of cattle manure 
and wood ashes. The seed-beds are two yards square and slightly 
raifi^’ to focilitttte good^ drainage. The ragi seeds are sown thinly 
and fightly stilled in and water is let in carefully to prevent the 
seeds gett^ washed' oft. The usual seed rate is from five to six 
pounds par Bcre of {dsatii^ area- 
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In ^ lands, the crop is generally sown broadcast after receipt 
of sowing rains. The seed is broadcast evenly and covered by a 
light ploughing. A brush harrow or log of wood is also draped 
along the surface with the object of levelling it and packing the 
surface soil to a certain degree. In Mysore it is common to use a 
special type of drill for sowing ragi with twelve tyaes three inches 
apart. In Yisakhapatnam there is a method of ^nsfdanting ragi 
seedlings on dry lands by raising a seed-bed about a month before 
the advent of sowing rains. With the receipt of rains, the seedlings 
are pulled out and planted in small clumps of twos and threes at 
regular intervals of four to six inches in plough furrows. Then 
seedlings get covered at the bases by the next furrow of the plough. 

YarieM introduction and trials . — Adopting the same method as 
described in other crops like rice, sorghum and bajra, several 
improved strains of ragi have been evolved at the hfillet Breeding 
Station, Coimbatore and other regional research stations like 
Hagari, Anakapalle and Eoilpatti. These strains are givooi 
below : — 


Stralii number* 

Sowing seneoik 

Eemsikt* 


AffrieuUural Ruear^ RtaUm, AnakapaUe^ 

AKP 1 

Mny to August 

Punaaa rngi strelii. 

ab:p2 

Do. • • • • 

Do. 

ASPS 

Dooember-April « . 

Fyni ragi strain* 

as:p4 

Do* 

Do. 

AKP« 

Do. . • • • 

Do* 

AKF6 

August-Dooember. . 

Pedda panta strain. 

AKP 7 

Do* • . • • 

Do. 


AgrkuUural ReMwvh SkUionf HogoH* 

HI .. 

(1) JamiAfy to Moy 

Orova an BaQary* Anaiiti^pmre 


(2) Juno to October 

Kiimool, Oiiddapah, Mellora and 
Omitur distriota. 


MiUeU Breeding Station, Oimbatart. 

COl .. 

to S^f»tember* 

Ootobeor. 

Brieetton from Oidda Argam at 
Baton; Irrigated orop, but oaa 
alM be grown aa a reeued enp. 
Oonttott ISO dajre. YMdaS/lw 
to 2,6*0 lb. of gndn per sen. 

00 2 ♦ ♦ • • 

Do. 

Aom MutH ragi of OobidtatON 
dtetriet; Zi^ntod. Dantioa 
119 dajrt. 'noldi 9.909 le 
24»0 lb. grain pat aeio. 

008 .. 

(1) 2fs(y to September .. 
(f ) December to ICsrob . • 

ham Oo. 1. dwntta 110 
dm. Bopolar in Cohnbatora, 
OttMlhii^ sad Hotlli Amol 

00* •• 

lli^*Jiiiie to Septemher- 
OoUAm. 

m 

BalsetfMtNnfaasdani ImbI ^Qpo- 
Bnitohlo Ibr Baminn*liai>niin 
andyinnelvoU distilati. ana* 
tiontWtoldOdapn. YMdMW 
lsi.iloa.pn am. 
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Fundamental studies {Millets Breeding Station, Coimbatore) 
Plant ^gmentation. — Just as in rice and soi^ham, in ragi too 
purple pigmented plants are dominant to green ones in inheritance. 
Five distinct types of pigmentations are met with, each showing 
a single factor difference over the next lower group, viz., violet 
purple, medium purple, dilute purple, localized purple and green 
throughout. 

Earhead shapes. — ^Two factors are involved in the genetic 
manifestation of earhead variations. Either of these gives a short 
earhead and boih together give a long ear. When neither of the 
two factors is present a very .short earhead is produced. Another 
factor determines the density of disposition of the spikelets per 
unit length on the rachis. Various combinations of these genetic 
factors give rise to the characteristic earhead shapes in ragi, such 
as top-curved, in-curved, and fist-like. In addition to ihese, Jhree 
factors are involved in determining the length of glumes in ragi 
spikelets, the short glume in normal cultivated types being condi- 
tioned by the presence of these three dominant factors functioning 
as inhibitors of glume length. (Plate 22.) 

Grain colour. — The normal colour of ragi grain is brown and 
this colour behaves as a double dominant to the light brown. In 
ragi, the pericarp is not fused with the seed coat but peels off 
as a thin membrane. The brown colouration is found to be due 
to a tannic material deposited in the cells of the inner integument. 
The grain colour factors are also genetically related to plant pig- 
mentation. 

Albinism or the absence of chlorophyll pigmentation in the 
young seedlings was met with in ragi and studied in respect of 
its genetic behaviour. Albinism was found to be determined by 
two duplicate factors. 

Cytohgieal studies. — A cyfological study of ragi showed thai 
the 18 pairs of somatic chromosomes in E. coracam are Ull more 
or less uniform in size and shape. The organogeny of the spflielet 
has been described. The microsporogenesis is typical. Occa- 
sionally one or two univalents occur in the first division. They 
usually get included in the second division. Secondary pairing is 
evident. Megasporogenesis is also typical, the innermost of the 
linear tetrad functions. Polar nuclei remain separate till first 
division. The primary endosperm divides at the neighbourhood of 
the egg. Embryogeny is typical. Antipodals are three and very 
mrge. They are of the passive types. Grain is a free one. 
Hence the j^ricarp is ephemeral, only the inner seed coat persists. 

The embryology of ragi was worked out. The chromosome 
ntimbers of some of Ihe wild Eleusine species were worked oui 
and ’w^rted for the first time. (E. lagopoides 2n = 36; E. 
e^pressa to =a 45 E. verticellata 2n = 36.) A comparison of 
tob me^s of the E. indiea (diploid with to = 18 and nearest 
A4f.-~ 15 
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ally) with B. coracana (Bagi tetraploid with 2n = 36) was done. 
The cultivated species both by genetical and cytological evidence 
appear to be allotetraploid. Dactyloctenium, a genus closely 
resembling ragi was also investigated. The basic number and 
karyotype are different (D. aegypticum 2n = 48 B. Sdndicum 
2n = 48). 

Some types of sterility were also worked out. One type was 
due to segmental interchange between two pairs of chromosomes. 
One type was simple mendelian resulting in non-dehiscence of 
anthers. Another type affecting the spikelets as a whole was 
termed “ gappiness ”. This was found to be due to suppression 
of the spikelet primordia on the racbis. Oytologically no disturb- 
ances were found. The inheritance of this type of sterility appears 
to be due to multiple factors. 

Agronomic experiment a — Seasons and varietal trial. — The 
ryots of Yisakhapatnam . district differentiate varieties grown in 
different seasons and grow a particular variety earmarked for a 
season in that season alone. To find if the varieties were season- 
bound or whether they could be grown with season inter-changed 
and to study their behaviour in different seasons, a trial was started 
in 1943-44. AKP 1 and AKP 2 of punasa, AKP 3, AKP 4, AKP 
5, of pyru and AKP 6 and AKP 7 of rainfed ragi, all the seven 
strains were tried in three different seasons ‘ Punasa ’ ‘ Pedda 
panta ' and ‘ pyru The results so far indicated that (1) short 
duration types alone are suitable for ‘ punasa ' while long duration 
types yield low and are subject to Piricularia, (2) short duration 
types of ‘ Punasa ’ are not physiologically different from those of 
‘ Pyru ’ and can be interchanged and so there is the possibility 
of keeping one strain for both the seasons, (3) the long duration 
types of rainfed ragi gave g(x»d yields in ‘ pyru ’ under irrigated 
conditions and hence the possibility of interchanging these different 
season strains and having a single strain for these two different 
seasons appear to exist. Thus the problem solves itself in 
finding out a high yielding strain in each of the short duration and 
long duration types. Strains AKP 1 and 2 are recommended for 
Punasa, AKP 6 for pyru and AKP 7 for rainfed crops or pedda 
panta. 

Sowing and planting. — Experiments conducted at the Agri- 
cultural Besearch Station, Anakapalle, showed that the best yields 
were obtained when single seedlings were planted. The best 
spacing was three-fourths of a link either way. Seedling of 14 
to 28 days of age could be planted without making any appreciable 
difference in the final yields. 

Experiments on ragi irrigation were conducted in 1943-47 in 
the Central Earm, Coimbateve, and tiiese indicated Ihaf &e 
quantity of water required by a cr<^ of 122 days duration varied 
from 23-3 to 33-9 acre inches of water. The irrigations waw 
best given at weekly intervals at three acre-inches per irrigatiem. 
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Manuring . — ^As in the case of othec crops like rice and sorghum, 
in ragi too, no marked diherence was found in the effect of 
different forms of organic manures. Thus the difference in yields, 
after applying compost or farmyard manure, was not very definite, 
but both of them were better than no manure. A higher dose 
of 75 lb. of nitrogen per acre appUed in the form of either of 
these organic manures was significantly superior in yield to 50 lb. 
of nitrogen per acre. 

Pre-treatment . — When ragi seeds were soaked before sowing 
in a 10 per cent dilution of cow's urine, it was found that Lffe 
yields of grain and straw were significantly improved. 

Pests and diseases . — Eagi is relatively free from any major 
pests or diseases. The red hairy caterpillar {Amsacta albistriga) 
occasionally becomes a pest. The description and control measures 
of this as well as other pests of ragi are given in Chapter 22. 

Among diseases may be mentioned a smut, and Helmintho. 
sporium and occasionally Piriculana spp., a fuller account of which 
will be found in Chapter 23, 

Harvesting attd yields . — Being a crop that tillers profusely, the 
earheads in ragi do not ripen all at the same time and hence the 
harvest has to be done twice, and even thrice, in the case of irri- 
gated crops. Only the fully ripe earheads are gathered at each 
harvest. These are cut and carted to the threshing floor where 
they are heaped for a few days to get “ cured."before threshing. 
If the earheads get too dry, water is sprinkled to make them 
pliant. An experiment was carried out in the Millet Breeding 
Station at Coimbatore to see the difference in time and labour 
involved in threshing ragi earheads with and without this 
“ curing It was found that cured earheads needed less time 
and labour to thresh out than fresh cut uncured earheads. But it 
w’as also noticed that the seeds obtained from such heaped heads 
had a ptxirer iiercentage of germination, so that this “ curing ” is 
not advisable for. ragi that is required for seed purposes. The 
operation of threshing is done, by beating the earheads with sticks 
when the quantity is large. The grain is trodden out by bullocks. 
The cleaning is 'done by throwing up the threshed produce against 
the wind to blow off the chaff. In Mysore and adjoining parts of 
Madras, a stone roller is also used sometimes for threshing ragi 
grain. 

Yields . — ^The average yield fn>m a rainfed crop is alwuit 600 lb. 
per acre, ranging from 400 to 800 lb. and that from an irrigated 
crop from 1,000 to 2,000 lb. with an average of about 1,500 lb. 

Storing . — Bagi grain is rarely used as food, when freshly har- 
vested. It is inv&riably stored for some months before it is utilized. 
Storage is usually done in pits dug in high level areas where the 
bottom of the pit is dry. They are eight to ten feet deep and about 
fifteen feet wide at the bottom and are constructed with a vaulted 

16 a 
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top leaving a manhole for getting in and ont. Other methods are 
pdcka masonry granaries, or receptacles made out of split bamboos 
or twisted straw or even earthenware pots. These traditional 
methods are now-a-days being replac^ by jute bags. Bagi keeps 
well in storage and is not damaged by insect pests so readily as 
sorghum or bajra. 

For use as seed, the earheads are hand-threshed with slides, the 
grain well dried and stored in closed receptacles. Some farmers 
prefer to keep their seed material as earheads, without threshing. 
The viability is retained for over two years if properly stored. 

Food value of rogrt.— Bagi when prepared in the proper way 
is as good as any other cereal food. The analysis of ragi grain 
is given below (Akroyd 1988) : — 




FKB CBNT. 


FBB OBKT. 

Moisture 


.. 131 

Iron 

.«6*4gin8./ 

Protein 


.. 7-1 


100 gms. 

Fat 


.. 1-3 

Calorific value per 100 gme. 

846 

Mineral matter 


.. 2*2 

Oarotine Intematicmal units of 

Fibre 


. . Nil. 

vitamin A per 100 gma. 

.. 70 

Carbohydrate 


. . 76*3 

Vitamin Bj 

.. 40 

Calcium « • 


. . 0*33 

Vitamin Bs 

• . poor. 

Phoephorus 


. . 0*27 

Vitamin C 

.. Nil. 


Preparations made out of ragi are many and varied. The 
mosi important of them is sankati (Telugu) or kali (Tamil). The 
grain is cleaned and ground into flour either by hand or in a power 
mill and then cooked into a paste like consistency. AmhaU or 
koolu is another preparation which is also fairly common. For 
this the floor is soaked in water and allowed to ferment for about 
12 hours. Broken rice, sorghum or bajra flour is cooked in 
separate vessel and when this is on the boil, the fermented ragi 
liquid is added, and the mixture well boiled and then removed 
from the fire. 

Cakes of various types can also be made out of ragi flour, 
similar to rice ‘ Iddlies ’ and ‘ Dosais ’. 


The Itauah Millet {Setaria italica). 

(^tUv^^i—Korrdlu { TamU — TeruU ; Kaanfida — Naaone $ Malayalam — Tmai 
HiodOBtaai— Jfangoon*.) 

Production and importance . — Setaria is one of the mmor food 
crops of dryland areas. It is cultivated in many parts of the world 
such as China, Japan, and Eastern Asia, South, Africa, Sou^-east 
Europe and in North America. In India, it occupies large areas 
in Bombay, and in Madras it is grown on 1*5 million acres wi& 
an annual output of two lakhs of tons of grain. Nearly titree- 
fourths of the setaria in Madras is grown in the Ceded dutriets 
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eomprising the four districts of Cuddapab, Kurnool, Bellary and 
Anantapur. The acreage in different districts is given below : — 


Difiriett 

Toted area, 

AOS. 

DiaPriett 

Total area 

AOS. 

1 Bdktfy 

. . 481.000 

14 Ramanathapuram 

1,800 

2 Knrnool 

. . 449.000 

15 West Godavari 

1,680 

3 Anantopur 

. . 307,000 

16 North Arcot . . 

1,420 

4 Cuddapah 

. . 103.000 

17 Krishna 

1,250 

5 Chmtar 

. . 82.900 

18 Malabar 

1,170 

0 Kallore 

. . 32,700 

19 Tiruchirappalli 

720 

7 Ceunbatore . . 

. . 26,800 

20 Chingleput 

700 

3 Salem 

14,600 

21 Tirunelveli 

380 

9 Viaakhapatnam 

. . 10,700 

22 The Nilgiris . . 

220 

10 Kadurai 

11 Sooth Arcot .. 

10,600 

8,010 

23 Tanjore 

7t 

12 Kaat Godavari 

18 Ghittoor •• 

4,800 

2,420 

Total 

.. 1,542,640 


The average annual production of grain of this millet in the 
State is estimated at 200,000 tons. 


Climate, soils, etc. — Setaria can be grown on a wide variety of 
soils and at any time of the year, though it thrives best on good 
black or red loams, in areas of low to moderate rainfall of 15 to 
30 inches per year. It is usually sown either pure or mixed with 
cotton in September on the black soils of the Ceded districts as a 
rainfed crop. Under irrigation it is grown during the hot weather 
from March to July. 

Varietal introductions and trials. — The same method as des- 
cribed in rice and sorghum was adopted in the improvement of 
this millet also, a large number of varieties being gathered from 
various parts of the State and other places and grown at the 
Millets Breeding Station, carefully studied for all their morpho- 
logical and economic features and selecting the best of them after 
testing for yielding capacity over a number of seasons. Similar 
work was done at the regional research stations to evolve high 
yielding strains that were suited to the respective tracts and 
regions. The strains that have been evolved in this manner and 
released for distribution to ryots are described below : — 

Strain trnnbtr. Strum. Bemarkt. 

AgrimUurai Rtttareh Statim, Quntur, 

O 1. (1) PoiMUM — June— October . . Suitable for Oimtor and 

(8) Pym — September — January Knmool diatrieta. 

Grain Yieid 800 lb. 
Dnration 80 to 08 
days. 

Atrin iim r tA Bmarek Stotibn, Nandyal. 

June to September (Punaaa) . . Suitable for Kurnool and 

S^teadter to December (P]^) Cuddapab diWiota. 

Doratirm 80 days. 

AtrimUmai Bueareh Station, Hagari. 

— Bmtember to November — . , Suitable to light eoOa of 
Oeoan&er Anantapur and Bellary 

diatriota. 

Do. . • Suitable for heavy bladi 

ooQa of Bellary diBtrmt. 


IT 1. 

Bl 

BX, 
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Strain number. Seaean, Remarks. 

Millet Breeding Stalion^ Ooivnbakfe. 

00 1. March— July (Irrigated) — From Mosu ienmi of 

Septembw — ^December (raiufed). Coimbatore. Duration 

100 Suitable 

for Salem^^iiilil Coiiii« 
batore dia^crts. 
Yields 750to 1,000 lb. 
of main per aere. 

CO 2. March — July (Irrigated) . . Duration 00 daya. 

Suitable for Salem, 
Coimbatore and 
Madurai distriota. 
YieldaSOOtoS^OOOlb. 
of grain per acre. 

CO 3. September — December . . . . From Ferum tenai ci 

Coimbatore. Dora* 
tion 100 days. A 
dryland variety suit* 
able for Ooimbatoie. 
Yield* 800 to 1,200 lb. 
of grain per acre. 

Fundamental studies . — A brief accoimt is given below of the 
genetic and other fundamental studies that were made on this 
millet at Coimbatore. "Varieties of setaria vary much m theh 
height, the tall plants proving a simple dominant to short plants. 
Six different classes of purple pigmentation are met with and the 
pigmented condition of the plant is dominant to the non-pigment- 
ed condition. The pigment is produced by one factor and it 
becomes intensified with the addition of another. The inter- 
actions of these two factors and other factors which determine the 
manner in which the pigmentation is manifested result in the 
diversity Qf pigmentation types found in the varieties of this 
millet. A primitive type of lax earhead was observed with fewer 
spikes, fewer spikelets and chronic sterility. It behaves as a 
monogenic recessive to the normal dense, economic type of ear- 
head. All setarias have bristles. They fall into four groups : 
long, medium, short and dwarf. The dwarf bristle is the basic 
condition. It is due to one factor. Three other factors acting 
on this basic factor are responsible for the four different lengths. 
One of them determines the expression of the various bristle types. 
Occasionally an extra spikelet is borne at the tip of the bristle. 
When most of the bristles are tipped, it is designated full and is 
allelomorphic, to the ‘ nil ' spikeletted condition. In some families 
this fully bristlerspikeletted condition behaves as a monogenic 
recessive to the ‘ nil ’ type while in others , the dominance is 
incomplete. A study of anther colours showed that a brownish 
orange colour of the anther is dominant to white. Yellow anthers 
are dominant to white and recessive to brownish orange anthers. 
Six distinct grain colours have been noted and their differences 
studied and described in great detail. They are black, tawny buff, 
korra buff, sepia, red and tawny red. Three factors are res- 
ponsible for these various combinations and their interaction 
produces the wealth of grain colours in this jnfflet. Alf(« t 
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detailed study of various types of correlations and variations in 
44 different varieties of setaria, it has been found that the least 
variable features in this millet are height of the plant, main 
earhead dimensions and mean weight of 500 grains. 

Cytological work. — Chromosome numbers of a few of the wild 
relations of the cultivated species were determined. S. italica 
It ultivated) — 2n = 18 ; S. verticellaia — 2n = 18 ; S. glauca 
— 2n = 36; S. intermedia — 2n = 36; and S. palmifoliai — 2n = 64. 
Thus the genus has representatives of diploid, tetraploid and 
hexaploid species. Except the cultivated, the others are more or 
less perennial. 

Agronomic experiments — Seeds and sowing, seed rate — Miitel 
Breeding Station, Coimbatore. — To determine the optimum seed 
rate for tenai which will give the highest yield an experiment was 
conducted in 1948. The treatments were 2, 3, 4, 5, 6, 7 and 8 lb. 
of seed per acre. The yield data showed that differences between 
treatments were not significant. 

Spacing. — To ascertain the optimum spacing re<iaired for tenai 
an experiment was laid out in 1948. The treatments were 1, IJ, 
2, 2J and 3 links spac'i between rows. The results indicated that 
one link spacing was the best and was on a par with 1| and 2^ links 
spacings, while three links spacing gave the lowest yield. 

Manuring — Cattle manure v. compost experiment — Hagari . — 
Korra is found to respond better to cattle manure than to Indore 
compost. The application of manure to korra results in more pro- 
nounced residual effects during subsequent years than if the same 
manure was applied to sorghum- This ‘ crop effect ’ was evident 
on sorghum but not on cotton. 

Pests and diseases . — No special mention is needed for these as 
the same pests and diseases as are found on sorghum, bajra ai>d 
ragi, attack this millet also. 

Harvesting, yields . — The earheads are either cut or nipped off 
when fully ripe and kept heaped upon the threshing floor for a 
few days before threshing which is carried out in the same manner 
M for other millets, by cattle threshing, or stone roller or beating 
with sticks. The straw, being thin and fine, is considered to be 
better as a cattle feed than bajra straw. 

The yields, as in all these rainfed millets, are apt to be widely 
variable, ranging from 400 to 800 lb., under favourable conditions 
from a pure crop of rainfed setaria. Irrigated crops may yield up 
to 1,200 lb. of grain per acre. 

Food value of setaria. — The grain has to be husked before it 
can be used. It is generally cooked like rice, either entire or broken 
or made into porridge. The composition is given below 
(Aktoyd) : — 

pim oBirr. ncR cmr. 

Water .. .. 11*2 Fibre .. .. 8*0 

iHbamittbhli'. . .. 12*3 Aah .. ,. 3*3 

OarboliydTatea 60*6 
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The Kodo Millet (Paapalutn scrobievlatum). 

{T^taga—^riha ; TamU— Fonjyu ; E«madar-0arala ; Hindustani— Eo*«.) 

Production and importance . — Arika is the coarsest among the 
foodgrains. Though remarkably drought-resistant, it is a crop of 
minor importance- In Madras State it occupies an area of one 
million acres. The normal area under this crop in different districts 
of the State is given below : — 


District* 

Total area, 

ACS. 

Dietriet, 

ToMarea. 

aob. 

1 Tiroohirappatti 

. . 140,000 

. . 135,000 

14 Chittoor 

. . 1S.000 

2 South Arcot * . 

15 Tirunelveli .. 

10,800 

3 Nelloro 

. . 126,000 

16 Visakhapatnam 

. . 8,800 

4 Kutnool 

98,200 

17 Coimbatore 

6,810 

6 Kamanathapuram 

. . 84,000 

, . 71,000 

18 Krishna 

. . 8,800 

6 Salem 

19 East Godavari 

. . 3,080 

7 North Arcot . . 

. . 67,800 

20 West Godavari 

1>,120 

8 Madurai 

. . 67,700 

21 Bellary 

800 

9 Anantapur .. 

10 Cuddapah «. 

. . 37,800 

. . 32,400 

22 Malabar 

160 

11 Tanjore 

12 Chingleput . . 

13 Quntur 

31,800 
. . 26,600 
.. 19,100 

Total 

. . 887,260 


Climate, soil, etc . — The crop is usually relegated to gravelly and 
stony soils, light upland soils, and all poor soils in general. In 
spite of adverse conditions the crop comes up even on these soils 
and yields a small return. It occupies the ground for over six 
months, a period longer ihan any other millet. 

The seed is sown broadcast after a good soaking rain at the 
commencement of the south-west monsoon. The seed rate is 
about 20 lb. per acre. After sowing no further care is taken of the 
crop. 

Fundamental studies . — A preliminary study of this millet has 
shown that it is slow in germination, the first si^s of germination 
being seen only on the fifth day. The seedhngs are generally 
unpigmented, though adult plant devebps purple pigment later. 
In the adult plant the nodes may be swollen not according to 
varieties. The number of tillers varies from five to eighteen accord- 
ing to varieties. The leaves are dark ^een usually and the size 
of the leaf varies with varieties, and a considerable range in their 
length has been noted resulting in differential habits. Purple pig- 
mentation has been observed particularly in the adult plant in num 
of the varieties. In the seedlings this manifests itself as a pni^e 
wash- At a later stage, the nodal bands beo(»ne purple. WMi 
increased growth, the other parts of the plant also get this wa^ 
of purple. The optimum manifestation of the purple pigment is 
from the flowering to milk stage of the grain. L(Mk^ at en matte, 
the field crop has a characteristic vblet look. The depth of IJie 
purple pigmentation varies according to vuruil^ 
panicle is usually borne at the fourth node adfl takes about a week 
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to emerge. <In this millet, the panicles never emerge fully. A 
number of variations have been met with in the nature of branching 
of the panicle. Single seeded and double seeded spikelets have 
been described. " Arika ” is highly cleistogamous. Natural cros- 
sing is almost completely absent. Manipulation of the spikelet for 
artificial pollination irretrievably damage it and all attempts at 
emasculation and artificial pollination have been failures. In th^s 
millet, the seed setting is more or less completely dependent on 
the weather conditions. False polyembryony has been noticed. 
This is due to the branching of the mesocotyl into two at a very 
ewly stage in the development. The wild Paspalum (Paspalum 
sanguinale) scores over Paspalum scrohiculatum in possessing a 
number of valuable characters such as more herbage, free earheads, 
greater drought resistance, large numbers of seeds per bead and 
absence of sterility. A cross with this wild ally is indicated as a 
potential source of improving the Kodo millet, if the difficulties in 
the manipulation of the close and delicate cleistogamous flowers 
eould be overcome. 

Economic work . — ^A large number of samples of varagu seed w'as 
collected from districts and yields studied. Out of the 71 samples 
tested 58 single plant selections were taken and of these, only one 
type PS 1 was found to be the best and kepi as a strain. 

Pests and diseases . — The plant is very hardy and relatively free 
from pests and diseases, except for occasional trouble from white- 
ants attacking tlie base of the clumps in the wake of a long dry 
period. 

Food value . — ^The composition of the grain is given below 
(Akioyd) : — 


not CBNT. rXB CBMT. 

Wator .. .. 12*8 Fate 1*4 

Garbobydratoa . , . . 68*8 Fibra 0'9 

Albnminoids . . . . 8*3 Aab 2*9 


The grain is sometimes recommended for diabetic persons as a 
substitute for rice. 

In certain localities and stagnant areas of Tanjore and Tim- 
chirappalli districts, it has been reported that Arika grains proved 
poisonous. This requires further study and investigation. 

Pboso OB Hoq MiltjET OB Common Millet (Panictim 
miliaceum). 

(IMaga—Var^ ; Tamil — Pemivaragu ; Kaonada— Bonvu; Hindastanl — Bam.) 

Production and importance. — ^Variga is another minor cereal 
which is quick growing and highly drought-resistant. In the State 
it occupies an area of about half a million acres. There are two 
mam zones for this millet, namely, the Guntur zone comprising of 
Krishna, Ounlur and Nellore districts and Madurai zone consisting 
of the dislri<^ of Madurai, Bamanathapuram and Timnelveli. In 
the northern districts it is a dry crop while in the southern districts 
it is an irrigated mop. 
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Cultivation practices . — This crop is grown both upder rainfed 
and under irrigated conditions. It is usually grown on the poorer 
types of soils. In dry lands, seed is sown by drills in rows, nine 
inches apart and covered with a brush harrow. The seed rate is 
usually 8 to 10 lb. per acre. The seed is also sometimes sown 
broadcast when the sowings have to be hurried through. 

The straw is considered a good fodder. The yields may range 
from 400 to 500 lb. of grain per acre. Under irrigated conditions 
twice these yields may be obtained. 

Fundamental studies. — ^l^ollination studies were made on this 
crop with a view to effect successful hybridization. The flowering 
in this crop also proceeds from top downwards. It takes ten days 
for the panicles to complete flowering. The flowers open between 
10 a.m. and 12 noon. This millet is, as a rule, self-fertilized, though 
a very small amouiit of natural crossing does occur. The very short 
interval between the opening of the flower and dehiscence of the 
anther makes artificial crossing difficult. It has been possible to 
prolong this interval by proper manipulation of individual mature 
flowers one hour before the usual opening time. Bare instances 
have been noted of the third glume bearing*^ flowers and of the 
existence of poorly-formed double grainsj the doubling being 
brought about by the addition of an extra pair of fertile glumes 
and palea. There are two types of pui^le pigmentation in the 
plant, purple and light purple- In the absence of the P. factor for 
purple pigmentation, the plants are completely green (pp.) P is a 
monogenic dominant to p. An intensification factor I is a mono- 
genic dominant to i. An intensification factor I is responsible for 
the difference between purple and light purple types. Purple 
(PP. II) is a monogenic dominant to light purple. A dihybrid ratio 
of 9 : 3 : 4 has been obtained in segregations between purple, l^ght 
purple and green plants. The characteristic' ’ hairinesa in the 
common varieties of this millet is governed by the operation of 
three independent factors, any one of which pnoduces hairiness. 
The hairy ty])e is the result of the absence of all the three factors 
H.l, H.2 and H.3. They are also opmplative in their effect. The 
common grain colours in this millet are dark olive grey and buff 
yellow. A monogenic dominant factor 0 makes buff yellow into 
dark olive grey, A second factor L lightens these two colours and 
produces light olive grey and light buff yellow types. A third 
factor I inhibits the expression of cdlour on the glume making it 
ivory white. Factor I is a monogenic dominant to its absence. 
The two grain colours, ivory grey and ivory yellow, are the results 
of the operation of this I factor. Beddish orange, a third whole 
colour, on the other hand, is a monogenic recessive to buff yellow. 
In this chain, dominant factor Bf suppresses the red in reddish 
orange, producing buff yellow. 

Economic work . — Out of the 292 samides collected from vaiioos 
districts and studied, 302 single plant selections were found to be 
(Homising. These were tested for yield end one ot them PV 09 
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has beeo found to be the best economic type. Another selection 
PV 14 is slightly longer in duration and yields more heavily than 
PV86. 

The crop is not subject to any serious pests or diseases. A smut 
and a rust are reported which, however, are of minor importance. 

The grain is eaten cooked like rice or ground into flour and 
eaten as pudding. The chemical composition of the grain is as 
follows (Akroyd) : — 



peb cent. 



FEB cent. 

Water ^ • 

11-9 

Carbohydrate 

. . 

68*9 

Albuminoide 

12'5 

Crude fibre 

. . 

2*2 

Fate •• 

.. M 

Ash . . 

« . 

8*4 


Samai OB THB Littlb Millet (Pantcum miliare). 

(Ttlugu — Soma ; Tamil — Samai ; Kannada — Sane ; Halayalain — Sama ; 

Hindustani — Shavan . ) 

Samai is grown only to a limited extent in the different States 
of India and figures are not available regarding the acreage of this 
crop in India. In Madras, the normal area under this millet is 
589,940 acres, the chief centres being Salem, Anantapur and 
Coimbatore. It is a crop that can be grown at higher elevations, 
up to 7,000 feet. The duration is usually two and a half to three 
months but some of the hill varieties grown in the Agency tracts of 
the Northern Circars are longer in duration and take about five 
months from sowing to harvest. 

Studies on the anthesis of this millet have shown that the spike- 
lets open between 9 a.m. and 12 noon at Coimbatore. Self-polli- 
nation is the rule. Though the spikelets are very small, artificial 
crossing by emasculation of the anthers and pollination by another 
parent cad be accomplished with a fair amount of success. Very 
good results can also be obtained by contact crosses. 

Two types of purple pigmentation are known. These are condi- 
tioned by two factors in the absence of which the plant is green 
throughout. In segregations, these three groups, purple, me^um 
purple and green, are found in the ratio of 9 ; 3 : 4. In grain 
colours too, three groups, namely, very light olive-brown, I'ght 
oblive-brown and oblive-brown, occur, these being determined by 
the inter-action of two additive factors which are inhibitory in 
effect on olive-brown grain. Albinism has also been noted in this 
millet in the seeding stages. Duplicate factors, Cj and C* were 
found responsible for the development of the green colour. 

On the economic aspect, 13 samples w’ere collected from various 
places out of which 268 single plant selections were taken for study 
and yield tests. From these one selection PM 2 was chosen as 
the best wd the most economic type. Bulk selections wwe also 
made at the Nanjanad Agricultural Besearch Station and high- 
^^Iding selections liave been retained. 
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Barnyard Mh-lbt {Eehmoehloa eolom vat. frumenUum). 

(Ttinga—Oodalu or Bariffaht i Tamil— XiMUmval^.) 

This is one of the least important milleto and except iu oelrtsm 
limited areas, its importance both in Madras and in Hither Ttuliami 
States is very little. Its main advmitagf ig that it serves as a famine 
crop as it is able to grow even on very poor soils with hardly any 
attention. 

Fundamental studies made at Coimbatore have shown the exis- 
tence of three pigmentation types in descending order of purple 
pigmentation in addition to a green (nen-pigmented) type- These 
show in inheritance a two fa^r difference. The panicle diapes 
are of three types, open, semi-compact and compact. These are 
considered to be due to the differences in the density of spikelets and 
the lengths of the spikes. The genetic relationships of these three 
types have not yet been fully studied. A type of male sterility, 
recessive to th '> noi inal fertile condition, has been observed. Albino 
striping was also . ^ted and its progeny gave seedlings with green 
and pale green colouration in varying proportions. 

Twenty-seven samples were gathered from various sources and 
studied and 381 promising selections taken. These were tested for 
yields and one of them PC 49 has been chosen as the best and most 
economic type in this millet. 



CHAPTER 5. 

PULSES. 

Varietal eoUeetlons — Introdnetlon and trials— Evolution of strains — 
Redgram, blackgram, greengram, Bengalgram, hoisegram, 
lab-lab, eowpea, soyabean— List of stndns evolved— Agronomic 
experiments— Area, production, imports and exports of pulses 
In Madras. 

Common name* Botanical and vernacular namee* 

1 Bedgram . • « * • • • • Cajanua cajan, Millsp. 

Tamil — Tuvarai. 

Telugn — KandtUu, 

Kannada — Togare, 

Malayalam — Tuvara. 

g Blaokgram . . • . « . • . Phaeeolus mungo L, 

Tamil — Vlundu. 

Telugu — Uddulu* 

Kaxmada — U did, 

Malayalam — Vzhunnu, 

3 Greeiigram . • • . • * • • Phaeeolus aurene L. 

Tamil — Paei payaru* 

Telugu — Pacha peealu, 

Kannada — Heeora , 

Malayalam — Cherupayaru, 

4 Bengalgram • . . . • • • • Cicer arietinum L* 

Tamil — Kadalai* 

Tehigu — Sanagalu* 

Kannada — Kadale . 

Malayalam-- Kadalakka* 

5 Howegr a m Dolichoe hiflorue L, 

Tamil— ^KoBu. 

Telugu — UlaveUu, 

Kannada— Hurulb* 

ICala3ralam — MuB^inu 

Vigna ungtneidata^ Walp. 

Tamil— KorotnaiM. 

Telugu— .^fciaafidalii« 

Kannada— 

Malayalam— Veli<eppayam* 


6 Otmpm 
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Oommon name. Sokmieat and vtrnaaUar name*. 

7 Lablab DtHMun labddb L. 

ThdiI — Moehai, Avarai, 

Telngo— i^ntimuiM. 

K Bnnndft — Avare. 

Malayalam — Avara. 


8 Soybean . . . . . . . . C%otne maa, Man. 

Production and importance . — ^Amoiig the various food crops of 
the tropics, pulses constitute an important group, as they form the 
main source of {uoteins in a vegetarian diet. As such, the pulse 
en^s occupy a very important place in Indian agriculture and in 
Mirras, a predominantly rice-consuming State, their importance is 
all the greater. The seeds inside the pods yield the pulse, for human 
consumption; while the by-products like the husk and broken 
seeds make an excellent feed for cattle. 

The term pulses includes a number of leguminous crops such 
as Eedgram (Cajanus cajan), Bengalgram {Cicer arietinum) Black- 
gram iPJiaseolus mungo), Qreengram {Phaseolus aurens). Horse- 
gram {Dolichos bifloTUs), Cowpea {Vigm unguiculata), Field 
and Garden Beans {Dolichos lab-lab). Soyabean {Glycine max) 
is another legume which is a very important pulse crop in other 
countries like China and Japan, but it has only a minor status in 
Madras. Groundnut, though a legume, is classed among the oil- 
seeds and is not included among the pulses. 

For an annual consumption of 583,450 tons of pulses in 
Madras, the production is only 251,200 tons or 43 0 per cent, 
leaving a deficit of 332,250 tons to be made up by imports (State- 
ment No. 1). In other words, more than half the quantity of 
pulses that is needed for Madras has to be imported from other 
Indian States at a heavy cost. Madras imports Bengalgram from 
the Punjab, and redgtam from Bombay, Hyderabad and Madhya 
Pradesh. The available figures for imports and exports of various 
pulses in Madras are given in Statement No. 2 and would serve 
to show the heavy cost that is incurred in making these imports 
every year. 

In spite of its importance, however, it was not until 1943, that 
a scheme of improvement of pulse crops was started under the 
joint auspices of the Madras Cfovernment and the Indian Council 
of Agricultural ^search. A separate section was opened under the 
charge of a whole-time Folses Specialist, with Coimbatore as tl^e 
nniim centre and two regional substations at 'Salem and at Visih- 
nagram, for studying the pulse crops in the southern and northern 
regions of the State. Prior to the opening of a separate section in 
1943, a certain amount of work had been carried out on redgrua 
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and Bengalgram in Cotton Section and on cowpea and lab-lab in 
the Millets Section as a side lines of study. , All the material 
gathered during these studies was taken over when the Pulses 
Section was formed as a separate unit in 1943. 

Climate, soil, irrigation and their influence on the crop . — 
Pulses can thrive on a wide range of sods and altitude up to 2 ,.500 
feet above sea level. In Madras, pulses are grown extensively 
in the central districts and in the districts of the eastern coast. 
The hilly Nilgiris and the coastal districts of Malabar and South 
Kanara on the west coast have only very limited areas under 
pulses, chiefly because pulsus cannot stand heavy rains, nor can 
they survive any prolonged drought. Light showers received in 
intervals of two to three weeks during the grow'ing period are 
what the pulses need for optimum yields. Thus redgram is sown 
with the hrat rains of the south-west monsoon, while Bengalgram 
is. dibbled into the soil in the waning phase of the north-east 
monsoon. The other pulses are also sown in the period m between 
these two monsoons w’hen the rains are not too heavy. Horsegram 
is sown in September-October, though the fields may often be kept 
fallow till then. With regard to teinpoiature, pulses grow well 
between 70“ to 95° F., a range which prevails in the central 
districts of Madras during the inonth.s of October to February. 

Generally pulses are grown only as rainfed crops, with the aid 
of the monsoon rains, by adjusting the tune of sowing to get the 
maximum benefit from these rams. Occasionally, however, and 
in limited areas, pulses are grown with the help of irrigation. Such 
ci-ops are chiefly redgram and cowpea. 

Soils . — In South India, pulsc-s are grown on a wide variety of 
soils, ranging from the coarse gravels of hill slopes to the moist 
and heavy soils of the plains and deltas. On the lighter soils, 
redgram is sown with the onset of the south-west monsoon, while 
cm heavy black soils of Kumool, the sowing of redgram is delayed 
up to the end of July. In Madurai and Bamanathapuram districts, 
redgram is sown in heavy soils as late a.s October, after getting rains 
from the north-east monsoon, because the south-west monsoon is 
generally too feeble in these districts to support a pulse crop like 
redgram. Another reason is that early sowing in heavy^ soils i.s 
likely to cause wilt owing to water stagnation. In the deltaic 
tracts there is also a practice of utilizing the wetland bunds, for 
raising redgram and blackgram, by dibbling the seeds on the 
bunds, after planting nee. 

Varietal collection, introduction and trials . — In keeping 
with the extensive area and the wide variations in climate and 
^ils that exist in Madras, a large number of varieties also exist 
in each of the different pulse crops. In redgram for instance, 
varieties range in duration from four and a half months as in 
the Tenkasi variety up to eight months in some of the varietie.s 
frown in VisaUiapatnam. I^tween these two extremes, there 



1S2 UjiMOmei 09 TSB DtPA&ntlSMT of AOtaOULTUBS, MAIXBAS 


is the normal six month’s variety grown in the centred districts of 
the State, especially in Timppa^ur in North Arcot district. On 
the basis of growth habit, colour and size of seed, numeroos 
varieties are distinguished in redgram. Likewise, in the other 
pulses too, there are wide variations in duration, size amd colour of 
seeds. For example, the blackgram that is suitable for sowing in 
August-September as a dryland crop takes four months to mature 
as against 90 days for the wetland type that is raised in the deltas, 
after the harvest of rice in February. In greengram too, there are 
two distinct types, one grown on drylands and the other in wet- 
lands. Bengalgram also shows wide variations in duration, size 
of seed, colour and vreinlding. In horsegram there- is a buff- 
coloured type and a black one, the former being longer in duration 
than the latter. Among cowpeas, variations are found in size of 
seed, colour, duration and plant habit. 

Evolution of strains — (a) By selection . — An outline is given in 
the following pages of the progress made so far in the Pulses Section 
in evolving high yielding strains in each of the different pulses, 
redgram, blackgram, greengram, bengalgram, horsegram, lab-lab 
and soyabeans. Selection work was carried out at three centres, 
namely, Coimbatore, Salem and Vizianagaram, since 1944. The 
general method was to collect a large number of samples of each 
pulse in and around each centre of work and test them over a 
number of seasons, for. their yielding capacity and other desirable 
features. To begin with, a number of samples of each kind of 
pulse are collected from various localities in different districts, 
such that the number in each would be not less than twenty-five. 
These samples are then grown for yield in ‘ Lattice design ’ trials 
with four replications. When the crop is mature, each sample 
is studied in detail for all plant characters including yields. 
Before harvest, however, single plants with the most desirable 
economic traits, are selected individually from the four repetitions 
of all the samples. The yield figures are then analysed statisti- 
cally. All the plants selected from the highest yielding sample, 
together with some of the heavy yielding plants from other sampler 
numbering, say, over a hundred selections, might be retained for 
further tests. In the second year, these single plant progenies 
are grown along with local bulk m control in the same ‘ lattice 
design ’ with four replications, to know the relative merits in 
yield of the different families. After harvMt, the yidd figures of 
the cultures are subjected to statistical scrutiny and all cultures, 
that are significantly better than controls, are jMuned on for 
further tests. In the third year, the yield trials get repeated in 
the same ‘ Lattice draign ' with a redneud number of cnltnns. 
By the fourth year, the cultures might be brought down to twenty 
or I^, when the trials are laid out in two series, in randomiz^ 
replicated plots with six to eight repetitions. From the remits 
obtained, the number of cultures is furiber reduced. In the fifth 
year, the cultures enter the find gtage of trids, with less tbjS i 
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half a dozen in number and the trials are laid out in randomized 
blocks with eight repetitions. In the sixth year, trials are 
repeated on the research station and one or two tup-raukmg 
cultures sent for trial in the districts under cultivators* conditions. 
These trials are repeated in the seventh year also and the highest 
yielding culture, whose performance had been consistent for three 
to four years, is released for general cultivation as a strain with a 
station number. It should be mentioned here that, as all the 
pulses are grown under rainfed conditions in drylands, the number 
of years needed for the evolution of a strain is very often, more, 
due to unfavourable seasons occurring frequently. 

8o far improvement has been sought to be ^ected chiefly by 
selection of superior types hrom among the varietal collections 
available in each of the different pulse crops. Hybridization, for 
widening the scope of selection and for combining different 
desirable characters, will be taken up as the next st^e in the 
improvement of pulses. 

Hedgtam — {Cajanm cajati) (Plate 23). — Forty-seven samples 
were collected from all over the State and sown at Coimbatore in 
1944, out of which 140 single plant selections were chosen as 
possessing desirable characters and sown in 1945, in row yield 
trials. From these triab, 21 cultures that gave better yields than 
the local variety and had also other desirable features such as a 
good colour and freedom from disease, were retained for further 
trials. In 1946, these wwe grown in replicated yield trials but 
the differences in yield were not statistically significant. In the 
next year*, 1947, these trials were repeated under irrigated condi- 
tions, as the south-west monsoon proved a failure, but even under 
irrigation it was not found possible to secure normal ^owth and 
yields, so that the trial had to be repeated once again in 1948. 
Eight cultures gave higher yields than the culture No. 1723 that 
was used as the con^I. In 1949, these eight selections were 
again tested in yield trials, but the differences were not statistically 
significant. 

In addition to these eight selections, there are 142 cultures^ 
gathered from Coimbatore, Tanjore, Eumool, Bellary and' 
Anantapur that are under study at present. Thirty-four wilt- 
resistant cultures of redgram from Northern India were also under 
test for three seasons 1946-48, but none of them proved quite suit- 
able for South Indian conditions. 

At the Salem substation, 23 samples collected from North 
Arcot, Salem and neighbouring districts were grown in 1944, and 
119 single plants with desirable characters were selected and sown 
in row yield trials in 1946. In 1946, five cultures that bad given 
better jnelds than the local in the previous year were test^ in 
yield triats, along with five more that were on a par with the 
local in 1945. Six of these ten were better than the local type 
that was used as the control and so they were again tested in 1^7, 
in replioated, yudd trials, when four cultures were found to be 
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diftlaiMitty superior to the ooQhrd. These four were tried sgMO in 
i94ti at Dharmapuri, 42 miiee away t'lom Balem, but owing to an 
adverse season, no reliable resuke could be secured. However, 
one selectiou. No. 87, out of these four, was found to give 
oonsieteutly h^h yields and was tried out in ryots’ fields over 
22 centres in semi districts. Xn most of the eenriws this selec- 
tion gave higher yields than ^ local types. It is proposed, 
therefore, to release this selection tat gmieral ^stribution to ryota 
in the coming year 1960. (Mate 24 s^ 26.) 

At the Viaianagaram substation, 23 samples collected from 
the northern districts of the State, were grown, along with the 
local sample in 1944 and 100 single plants were sebcted and trated 
in row yield trials in 1945. Nineteen cultures gave higher yields 
than the control and these were tested m rephcsted yi^d trials 
in 1946. Two cultures Nos. 97 and 98 showed a significant 
superiority in yield over the control in that year as well as in tlie 
two subsequent seasons, in 1947 and 1948. They were, therefore, 
tried out in ryots’ fields in 1949 over seven centres in four districts 
but due to an unfavourable season that year, no reliable results 
could be secured. 

Blackgram — (PJiaseolus mungo) (Plate 23). — At Coimbatore, 
49 samples consisting of 32 dryland types and 17 from wetland 
areas were collected from various places in the State and sown 
as a rainfed crop in 1944 for detailed study. It was noted that the 
dryland varieties were in general more vigmous and better in 
yield than wetland varieties, but had the quality of a long period 
of pod setting and ripening. Wetland types on the other hand, 
were short and erect in habit, with early flowering and uniform 
ripening of pods. Out of the 49 district samples, 190 desirable 
single plants were selected for further trials in 1946 but due to the 
adverse seasons in 1946 and 1947 the progress oi work was con* 
sidwably hampered. However, 120 cultures were sown in August 
1948 in yield trials and five cultures were found to give higher 
yields than the control. These were tried again in 1949 July, but 
as the south-west monsoon was a failure, they had to be repeated 
in October with the break of the north-east monaoon. It was 
noted that riie crop grows widl wi^ late sowings In October. 
Two cultures Nos. 212 and 216, were Ibond to be significantly 
better than the local variety that was used as the oontro). 

At Viziani^^ram sab-«datimi, 96 ssmplm, made tq> of right 
dryland types and 17 from wetlands, were gn^ on drylands in 
the main season of 1944. The wetknd tjpM did not flower at all. 
Frdm the dryluid types, 100 single pUmto were selected and put 
under yield trials in 19^. Fifteen cultures were bettwr than the 
control in yield and riiese were tested again in 1946, 1M7 and 1916 
when one cnlture No. 169 was found to give consistoitiy h^liar 
yields than the otmtrd. Thie onituie win, therefore, 1^ iliacl|* 
redeaeed as an improved atrahi few file lUsiinafaiem mm* 






Plntf^ 2o. — Variations tn gro^'ih of rfdgram. 
TerJ^i raWe/y. 37. 
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In rader to evolve a strain of biaekgram, suitable for growing 
in the wetlands o£ the Ciroars as an after-rice crop, 2^ singto 
plants were selected from district samples grown at the ligricul- 
toral Besearch Station. Samalkota during the year 1947. In 1948, 
these were growq again as an after-paddy crop in November for 
multiplying the seed. As a result of the observations made on 
these, regarding growth, flowering and duration. 23 desirable cul- 
tures were retained for further tests and put under yield trials in 
1949. All of them gave higher yields than the local variety (con- 
trol), with one culture, No. 265, standing out as the best. 

Greengram (Phaseoltu aureus ). — At Coimbatore, fifty 
dryland types and fifty wetland types of greengram, gathered from 
various districts, were sown for study in 1944. As in the case of 
biaekgram, here too, the dryland samples proved better than the 
wetland types when sown in the main season (July-August) under 
rainfed conditions. Two hundred and ninety single plants were 
selected from the high-yielding samples and sown in 1945 for mul- 
tiplying the seed. In 1946, 161 of the best of these were sown in 
yield trials but the crop failed due to an adver.se season, so that the 
reserve seed material in these selections had to be multiplied in 
1947 at the Agricultural Research Station, Tirurkuppam, before a 
regular replicated yield trial could be laid out in 1948. One cul- 
ture, No. 62, was distinctly better than the control (local variety) 
and two others No. 53 and No. 148 were as good as the control in 
yield. These have been kept for further tests, before the best of 
them is released as an improved strain. It was also noted that 
culture No. 62 was able to grow well and give heavy yields even 
when sown late in October with the aid of the north-east monsoon 
rains. 

At Yizianagaram, 3S samples made up of rine dryland and 
27 wetland types were sown on drylands in the early season under 
rainfed conditions in 1944. No difference was noticeable in growth 
between wetland and dryland t^Ties of greengram at this centre. 
From the high yielding samples, 190 single plants were selected 
and put under yield* trials in 1945. Pour cultures gave signifi- 
cantly higher yields than the local bulk. In 1946, these, four along 
with another four cultures that were equal to the control in the 
previous season, were tested for vield in randomised replicated 
plots. One culture No. 127 was significantly better than the 
control. The next year the same eight cultures were again tested 
in a similar trial but none of them was significantly superior to 
the control. In 1948, the trial was repeated a third time, when 
No. 197 again proved better than the local by 42 per cent. Simi- 
lar trials made at the Agricultural Research Station, SamaTkota, 
resulted in the isolation of culture No. 188, as the highest yielder 
under wetland conditions as an after-paddy crop. 

B^ffotqram {Cicfr oriefinfim).— Twenty-two samnles wero 
grown in 19|S at Coimbatore and 120 single plants were selected 
and sown in 1944 in trial plots but the crop failed due to excessive 
mins. !Pn«b oo&eetkms were accordingly made in the next year 
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and fltadied in' subsequent bcmkhib, and by jL949, one culture No. 94, 
wus {doked out as a {ffomising high yielding selection that was 
significantly better than the control for two successive seasons. 

Two improved types, NT firom Delhi and G 24. from 
East Punjab were tested at C!oimbat(ae but {uoved too long in 
duration to suit South Indian conditions. 

Hors^gram {DoUehos bifiorus ). — ^Here again, adverse seasons 
hampered the pogress of work at Coimbatore considerably, but in 
spite of occassicmal crop failure, it has been |)ossible m isolate 
one culture No. 35 as significantly superior to the control, a pre- 
existing selection No. D.B. 7. Twenty cultures are still on hand 
fbr .furthm: study and yield trials. 

At the sub-station at Salem b^inning with 86 district 
samples grown in 1943, a numbw of selections were taken and 
tested under yield trials in subsequent years, with the result that 
^ 1947, four cultures have been found to give significantly higher 
ymlds than the control. Trials are in progress to pick out the 
best of these. 

At Vizianagaram, 25 samples were collected and grown in 
1943, 100 single plants selected and tested for yield in 1944. Six 
cultures that gave significantly better yields than control were 
carried forward for further trials. After a number of trials with 
these and other selections in the intervening years, two culture 
No. 93 (black seeded) and No. 76 ’(buff-seed) were picked out as 
the best two in 1948 and 1949. These two cultures are now under 
test in ryots’ fields, before being released as improved strains. 

Field lablab . — ^Eleven cultures of field lablab were taken 
over from the Millets Specialist who had carried out the prelimi- 
nary work on this pulse, and grown under replicated yield trials in 
1946, 1947 and 19& at Coimbatore. Culture No. 14^ was found 
to be better in yield than the control D.D. 173. In addition to 
these, 480 single plant selections are on hand for further study 
and isolation of a high yielding strain. (Piste 26.) 

At Salem too, similar trials were conducted with samples 
collected from North Arcot and neighbouring districts and tour 
cultures that appear to be promising have been retained for farther 
Sests. 

Vegetable Jab-lab. — A large number of samples the kitchen 
garden variety of lablab were collected and grown, out of which 
cultures were isolated after Careful tests fbr' yield tmd other 
desirable characters such as early fruiting, pod ^ape, size and 
colour. Out of these, five have bent selected as the best for general 
distribution. Thev are D.D; 692i 960 , 969. iW9 and D.Ij. 389. 
<Plate37.) 

Cowpea (Vigna 1044v 88 district samples 

were grown at Coimbatmo and after detailed' .study, 140 desirable 
riingle plants were selected and- their seed xcwdtipUed daring the 
next year. In 1946, 11 these fWere . tested foT'^.lh^r .yiel^ng 
Mpacity against a pre-existing strain, 0 . 67 that had been eyt^yed 




rialc 20 . — Fxeld UM^tb. 



Plate 27. — Variation in siz^ and shape cf lab -lab, P, 192 


lamoiss or thb tm/aimmT or AamcuiiTUBB, uaobas 103 


m the Millets Section. These trials were continued in subsequent 
yesdrs and by 1949, resulted in the isolation of three cultures that 
were as good as the existing strain C 67. Fresh samples have been 
collected again in 1948 from various districts and are now being 
tested for isolating a strain better than C 57. 

Soyabean (Glycine max ). — Soyabeans form one of the most 
important legume foods of the Mongoloid races. China, Man- 
churia, Korea and Japan are the chief countries of production and 
export of this pulse crop. The seed is very rich in proteins, fat 
and vitamins, besides being a good source of calcium and phos- 
phorus. The starch content is very low. Soyabean is used in a 
variety of ways by the Chinese and Japanese. Soyabean meal and 
cake serve as an excellent feed for cattle, while the plants them- 
selves form very good fodder. 

Attempts to introduce this pulse crop to Madras were made 
at various times, the first trial being made in 1915 by Mr. B. C. 
Wood, who was then the Principal of the Agricultural College at 
Coimbatore. A number of other attempts were also made in 
several Research Stations between 1930 and 1938. It was found 
from these trials that a number of factors militated against its 
popularisation. For example, the plants were very badly attacked 
by numerous insect pests especially in Tanjore and other southern 
listricts. When grown as a field crop in the Northern deltas, 
during June to November, the plants could not stand water stagna- 
tion, unless the fields were laid out with raised beds with deep 
trenches for free drainage. Since no farmer in the deltas would 
give up his rice crop in favour of other crops, soyabean cultivation 
in rice fields was found impracticable. It could, however, be 
grown successfully on the bunds of rice fields, since water logging 
is avoided thereby. 

In spite of all the attempts that have been made so far, the 
fact remains that soyabean has failed to become popular in 
Madras, chiefly for the reason that people were not able to develop 
a taste for its peculiar flavour which is so much esteemed by the 
Chinese and Japanese. Soyabean was also found to he less easy 
to cook and digest than the common Indian pulses, like redgram or 
bengalgram. 

(6) Evolution of strains by hybridisation . — As mentioned 
earlier, systematic hybridisation has not yet been taken up in the 
pulses section ; however, three strains have been evolved i*» 
redgram. bengalgram, and lahlab, by isolation from three different 
mosses. 

In redgram a North Indian Arhar t 3 rpe was crossed with a 
local variety and an improved culture No. 2900 has been evolved 
with bolder seeds and 13 per cent higher yield than the local type. 
The acre yields range from 800 to 1,000 pounds, according to the 
^wason, and good reports have been received about its adaptability 
to taried soil and sensonal condition in the Ceded Districts, Duhtu’* 
and the sou^em districts. 
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In bengalgram, two types T 8 Aod No. 493 were crossed 
and an improved coltore No. 2965, with an attractive light brown 
colour, a bold and round shape of seed has been isolated. It 
yields up to 500 pounds per acre on the average and is now under 
distribution. 

Lablab.-—A number of crosses bad been made in 1988-42 
in the Millets Breeding Station, between the field lablab and the 
garden lablab, with the object combinii^g the stringless charac- 
ter of the garden variety with the profoae-bearing of the field 
lablab. From these crosses one promising selectaon. No. 1428 has 
been isolated and is expected to ^ available foe di^bulion in the 
neur future. 

(c) List of improved strains in ptdses.-^The details of these 
are furnished in Statement No. 11. 

5. Agronomic studies on pulses . — ^It is a well-known fact that 
pulse crops can fix atmospheric nitregen in the soil, through tiu* 
agency of the bacteria in their root nodules and are thus able to 
enrich the soil in course of time. Definite infesmation is, however, 
lacking regarding the nature and degree of this soil enrichment in 
relation to the major pulse crops grown in Madras, the qptimum 
type of association between ^ciftc pulses and cereal crops like 
sorghum or bajra or between a pulse crop and cotton. Definite data 
are also lacking regarding the degree to which different crops are 
benefited by growing a previous crop of pulses. A number of trials 
were, therefore, carried out in various researdi stations to gather 
information on these aspects. 

At Coimbatore, trials were conducted dmring 1933 to 1936, by 
growing cotton both under irrigated and rainfed conditions, follow- 
ing a cereal like sorghum and various oth^ pulse crops. There was 
no increase in yield when cotton, under irrigated oemditions, follow- 
ed a pulse crop, compared to cotton after sorghum, but under rain- 
fed conditions, cotton after oowpeas gave significantly higher yields 
than after sorghum, the yields showing a 10 to 12 per cent increase. 
Experiments were also conducted at the Agricultural Research 
Station, Koilpatti (Tinnevelly district) between 1927 and 1936, aad 
these experiments indicated that cotton yields were bettm' after 
pulses than after cereals like sorghum or bajra, the best being cotton 
after horsegram. At Nandyal, in Kumoul district, oottmi gave 
higher yields after a ju-evious crop of pUUpesofa (Pkaseolus f/rilo- 
h4s) in two out of three trials. 

With regard to mixtures of pulses with other crops a mixture 
f-onrhum with redgram, greengram or soyabean in the proportions 
of 1 : 1 or 3 : 1 was good un^r irrigated conditions at Coimbatore 
fStalement No. 6). 1^ rainfed en^ on blade soils, the resdts 
were in favomr of equal proporti^ of sorghum-^lpecara or 
sorghum-lablab : for horKegram and cowpea. the ratio <dionld be 
three of pulse to one of cored (Statement No. 7). In red «dl8 
under rainfed conditions, the optimum profxnrious were 1. : 1 olr 
3 : 1 of pulses to sorghum. 
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yarayu and redgram. Sorghum and redgrani. 
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A ■imilar aet of experuneots carried out at Coimbatore from 
to 1948, indicated that horsegram ot Idackgram wheu sown 
as a mixture with cotton gave better returns than the respective 
pure crops. In the case of greengram, however, the pure crop was 
found to be better than the mixture from a monetary point of 
view. 

At Salem, an experiment was started in 1946-47 to study the 
economics of growing redgram by itself and mixed with other crops 
like sorghum, sanm, varagu, or groundnut. It was seen that a 
pore crc^ spreading groundnut or a mixture of groundnut and 
redgram gave the best monetary returns per acre, with no appreci- 
ablo difierenoe between the two treatments. 

At Vizianagaram too, a similar experiment was laid out In 
1946, with fifteen treatments and it was found that a mixture of 
redgram and ragi followed by horsegram gave the highest monetary 
return per acre. Along with these trials, the Agricultural Chemist 
started experiments at 8alem and Vizianagaram on the effects of 
t'4»0Riated growth of cereals and poises, from 1946 to 1949, and :>he 
I'esults indicated that a mixture of equal proportions of a cereal and 
pulse crop was the best combination. 

Zonal performance of pulses. — X'arieties of pulses that are com- 
monly grown in one region are seldom suitable for other regions; 
for example when 20 samples of wet land type of blackgram were 
tried in ten Agricultural Hesearch Stations from 1946 to 1946 as 
an after-paddy crop, the varieties from the Northern districts failed 
miserably when grown in the southern districts and vice versa. 

Cooking tests. — Twenty-two cultures of redgram from Coimba- 
tore, 11 &om Salem, and 20 from the Vizianagaram sub-station 
were analysed by the Agricultural Chemist fur proteins and other 
chemical constituents as well as their cooking quality (Statement 
No. 8). The protein content ranged from 24.5 to 29-5 per cent on 
moisture-free basis. Cultures from Salem were found to have a 
lower protein content than those from Vizianagaram. It was also 
noted that there was a significanf negative correlation between the 
time taken'for cooking and the protein content of these cultiues. 
Thus the Vizianagaram cultures, which had the highest percentages 
of {NTotein, gc^ fully cooked much sooner than those from Salem 
and Coimbatore that were also poorer in protein content. 

6. Harvesting, threshing, storing.— -In the case of pulse crops 
these operations are comparatively easy. Redgram is harvested 
in eix to eight months frenn sowing time, beginning from Decemour 
and extending up to March, according to the sowing date and 
duration ^ crop. As redgram plants put forth three flushes 
ctf flowwa and pods the harvest is to be made when the maximum 
numbfsr of pods aare ripe on each plant. The actual harvest is 
dwae by cn^ng the plants cloee to the ground in order that the 
stumps may not iii|are the fed; of men and cattle, bundled ind 
tekmt to tiae threidilng floor, and stocked for idioat ten days to 
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allow tlw pods to get folly diy. The leaves also gt>t 
shed daring this dzyii^. The threshiog is done by women 
by beatmg the plants against any hard surface, taldng two or three 
plants at a time. The threshed j^oduoe, oonsisting of seeds, 
broken bits of pods, leaves, etc., is winnowed sod ^ged after 
drying. Storage of redgram for prolonged periods is resorted to 
only in the case of seed grains, for which they are coated with 
moistened red earth, well dried and stored in eartbern pots. 

.The yield of redgram ranges from ^90 to 600 pounds per acre 
.Vihen grown w a mixture and from 600 to 1,000 pounds m a pur^ 
crop with rows four feet apart. 

In the case of other pulses like blacl^am, greengram, bengai- 
gram and horsegram, the plants are palled when they are ripe, 
spread out on the threshing floor during the day and kept heax>od 
up during the night. This process is repeated for three or four 
days by which time most of the pods would have dehisced liberating 
the grains. The produce is then beaten with sticks or trodden 
under the feet of cattle according to its bulk and winnowed out 
with the aid of wind. Storing is done generally in earthen 
vessels or wooden bins. It is advisable to put a layer of sand half 
an inch thick on the top of the grains to prevent infection by 
weevils and other insect pests of stored products. The acre yields 
of blackgram and other grams are very variable and range from 
2(X) to 600 pounds, depending on the season and the nature of 
the soil. 

7. Pests and diseases . — Pulses are liable for attack from pests 
and diseases both in the field and in storage. An account of the 
various insect pests and plant diseases that cause damage to pulse 
crops is given in the Chapters Nos. 22 and 23 under crop pests and 
crop diseases respectively. 

8. Nutritive value . — All pulses are rich in protein and are thus 
useful as a source df protein for those who do not like or who 
cannot afford the inore expensive animal proteins. Pulses are 
also rich in vitamin B>1. A well-balanced diet should include a1 
least three ounces of pulses every day. The relative food values 
of different pulses arc shown in Statements Nos. 9 and 10. 

9. Future lines of work.— Although the pulses section started 
working only in 1943, a number of improved strains of different 
pulse crops is already in the final stages of tests and would l)e 
available for distribution by 1951. These strains are in general 
able to yield 16 to 20 per cent more thsin the local ^'pes and 
secure for the grower an extra return of Bs, 20 to 30 par acre. 
Borne work on pulses had been dam previously by Qxe Millets and 
Cotton Specialists, tmd several high-yielding strains are available 
at pesent, in redgram, and benga^gram, oowpea and lablab. 

In redgr«n, 4,020 pounds of high yielding seed have been issued 
for sowing in the course the past six years, to cover nearly 
600 acres,- exdoding the srea of its natural spread daring ttsee 
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years, which would be at least 8,000 acres. About 200 acres were 
being grown (in 1949) with strain No. 2900 in Salem under seed 
farm conditions. Similarly in Bengalgram three high yielding 
types, Nos. 468, 482 and 2965 were distributed to a total of 
10,780 lb. chiefly in Anantapur, Bellary and Coimbatore districts 
and have been extended in 1949 to Cuddapah and Kumool as well. 

A great deal of work, however, still remains to be done in 
legard to improvement of pulse crops. There are numerous 
varieties in each of the major pulse crops, redgram, Bengalgram, 
blackgram and greengram, many of them with high potentialities 
in yielding capacity. These recjuire an exhaustive study for picking 
out the best as high-yielding strains. The evolution of strains for 
the various pulse tracts on a zonal basis is essential. Hybridization 
work has also to be taken up for improving the quality and yield 
in each of the pulses. For example the short-duration redgram 
variety of Tenkasi (Tirunelveli district) could be crossed with high 
yielding strains, to combine earliness with good yields. Wilt- 
resii'iant types could be crossed with cultivated types of redgram. 
Seasonal trials have to be undertaken in the different regions to 
fit in the best strains for each region. The rotation of pulses with 
cereals, sjiacing trials, the economics of various types of mixtures 
of jmlses and other crops, manurial studies, cooking tests and 
studies on (jiiality, investigations on the chemical composition of 
pulses in relation to climatic regions, soils, and cultural treatments, 
cytogenetic and physiological .studies, are all aspects that deserve 
careful study over a number of years, if any rfdiable knowledge is 
to be gathered. For this it is obviously essential to have a long- 
miige jirogramnae of w'ork to be carried out not only at Coimbatore 
as the main centre but also at two regional sub-stations preferably 
in East Godavari and Tiruchirappalli for the nortliern and southern 
regions respectively. An outline of such a programme is indicated 
below. 

Collection of types — Both wild and cultivated from Madras, 
India and from other countries if practicable — to serve as basic 
material for selection work, for hybridization and genetic studies, 
on the inheritance of various characters including yield factors. 

Selection vork — To isolate high yielding types suited for each 
tract. 

Hybridization . — ^To widen the scope of (selection and to combine 
diflferexiC desirable characters in one and the same strain. 

Cytological studies . — To furnish the basis for planned work on 
hybridization, for inducing mutations by means of Colchicine and 
other chemicals, by X-rays, high temperatures, etc. 

AgrOnomiml studies . — Studies on the regional specificity of 
pulses, acclimatization of varieties to suit different areas in the 
State, seasonal trials with pulses in different regions, economics of 
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pulse-«M*«al naixtoreB as against pure crops, rotation experiments 
{Mdses and non-ptdees to assess depressing or stimulating 
effieets of otw crop on 

Manurial . — investigations on the effect of organic and inorganic 
manures on ^erent pulses, the optimnm doses, forms and combina- 
tions of fertilizers, the best time of application and the best method 
of fertilizer placement studies, studies on nutrient deficiencies. 

Physiological . — ^Visual and analytical symptoms of nutrient 
deficiencies in different pulses, including trace element of deficien- 
cies and tlie methods of rectifying such deficiencies, the effect of 
various types of pre-treatment of seeds and seedlings — for increasing 
yields, the use of growth regulating substances for improving seed 
setting, preparation of pulses for the market. 

Cooking and quality. — ^Investigations. 

Nutritive value of different pulses, both as such and in relation 
to agronomic, manurial and otlW treatments. 


SrATxaoSKT No. 1.— Positwn 

Crops, 

Area in 


aeree. 

Red^am 

Blackgram 

337,600 

291,100 

Oreeagnam . . 

461,000 

Horaegram 

1,368,000 

Bengalgniim .. 

, . . . 84,»)0 

Otlier Paines • « 

. . . , 283,000 


Total . . 2,774,900 


of pulses in 

Madras State. 

Production 

Consumption 

Deficit 

in tons. 

in tons. 

in tons* 

41,500 

1,22,500 

81,000 

32,000 

63,100 

31,000 

40,750 

60,400 

19,650 

96,000 

125,000 

29,000 

16,500 

184,000 

167,500 

24,450 

28,450 

4,000 

261.200 

583,450 

332,230 


SvAXiHEirr No. 2.— ‘Imports and reports of pulses in Madras. 

tmporUi. SxporU. 

FeBr. ^ > "■ * % 



Quaniitp 

Value, 

Quantity, 

Value. 


vctws. 

Me 

TOKS. 

Me 

1932-^ 

1839-34 

1934-36 

1965-46 .. .. .. 

1936"4I*7 ' •* 

19^-38 

os 

918.996 

167,664 

161,549 

141,104 

166,976 

66.476 

10,4M 

8.60,96,468 

1,66,61,269 

1,60,71.045 

1,49,76.197 

1,26.80,660 

04,46,640 

76,60,680 

8.^6 

10,167 

• II 

• a 

9M.m 
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SxAxmuBm No. i.— Effect of a.previout puhe crop cm 
cotton yields {Coimbatore). 

Cotton yields in pounds of Kapas per acre. 


TreatmerUa. 


Cotton oftor oholam 
Cotton after cowpeas 
Cotton after grocngram 
Cotton after rcdgram 


Cambodia cotton, Karunganni cotton, 

A ^ A 

{Irrigated crop , ) ( Rainjed crop * ) 




Red soil. 

Black soil 

1935-36. 

1936-37. 

1934-35. 

1934-36. 

278 

846 

399 

277 

. . 

246 

♦438 

♦313 

147 

269 



•• 


* Sigcnilfioantly higher. 


Statement No. 4. — Effect of previous crop on the succeeding 

crop of cotton. 


(Agrioultural Research Station, Koilpatti.) 

Yield of seed cotton (Kapaa) in pounds per acre. 
Previous crop. 



s % 

s** 

CO 

i 

<M 

CO 

1 

CO 

C^l 

CO 

'd 

CO 

c4 

CO 

4 

1 

CO 

to 

CO 

.4 

CO 

CO 

CO 


2 2 


r* 

I—* 


C6 

2 

2 

Sorghum (control) . . 

132 427 

181 

5.53 

697 

220 

588 

289 

322 

Bajra 

.. 638 

191 

696 

820 

431 

. . 


333 

Blackgrom 

♦ 179 ♦522 

177 

601 

. . 

. . 

. , 

. . 

285 

Grec^ngram . , 

♦ 168 ♦ 497 

189 

. . 

. . 

. , 

. . 

. . 

305 

Hoiucgrara 

♦ 184 * 488 

192 

♦633 

♦921 

♦490 

. . 


• , 

Pilliposara . . 

. . 

. . 

. . 

♦991 

♦467 

495 

438 


Lablab 

♦174 ♦SIS 

223 

. . 

. . 

. • 

, . 

, , 

, , 


♦ Significantly better than cotton after sorghum. 

Notje. — It would bo observed that cotton yields after horsegram are consistently 
betti^r than cotton after other pulses or non-pul»(*8 like sorghum or bajra. 


Statement No. 6. — Effete of a previous pulse crop on 
cotton yields. 


(Agrioultural Research Station, Nandyal.) 


Cotton after pillipoaara 
Cotton after sorghum 


Yield of kapas in ppunde per acre, 

- - AL 

1921-22. 1922-23. 1923-24. 

205 320 301 

298 222 184 



202 MBMOmS OF THB DBPARTMBMT OF AORICUIiTOBB, MAOBA8 


Statbubbtt No. 6.—Cholam pvlet mtxlure eaperimeMa. 


Cotton Breeding Station, Coimbatore (irrigated). 



Number of Tidd of eholtm 
lines, in 16. per acre. 

A -A 

fffain 

Yield of canon 
lb. per acre 

^ 

•n 

t 1 t 

Oholam. Puhe. § ^ 

' 

i 

.A 

2 



aw 

s § 


in 

i 

s 




I-4 

2 

»*«« 



* 

0 2,940 


673 



Kedgram 

r * 

1 3,040 

, . 

641 

, . 



1 2 

2 1 2,800 

. . 

504 

, . 


J 

S^ixture. 

•8,220 

• • 

♦693 

. * 



1 

0 . . 2,62fi 



385 


Kodgram 

1 

i .. 2,475 

, , 


♦472 


mixed in the 

* 

i . . *2,700 

, . 


382 


same line. 

i 

i . . *2,700 

, . 


381 



i 

i . . t2.876 

•• 


t347 


] 

1 

0 . . 2,413 



♦278 


Groengram 

1 

i . . 2,275 

. , 


241 


mixed in the 

i 

i . . * 2,475 

, , 


238 


same line. 

i 

i . . 2,288 

. , 


t200 


J 

k 

i .. t2.100 

•• 


213 


1 

1 ' 

0 




♦846 

Cow]3oa mixed 

1 

i .. 

2,444 



♦820 

in the same 


i .. 

2,466 



786 

line. 1 

I * 

i 

2,569 



676 

J 

' i 

i 

tl,628 



t622 


’ 1 

0 

2,841 



846 


1 

i 

2,688 



860 

Soybeans 

i 

i 

♦2,876 



867 



i 

2,744 



914 


. * 

1 

tl,869 



♦906 


* Significantly hlghor yiolden. 
t Slltnifioaatly lower yieldenu 
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Statement No. 7. — Cholam pvlse mixure experiments. 
Cotton Breeding Station, Coimbatore, (Rainfod, black soil). 


Number of 
lines. 

A 


Yield of eholchn 
grain in lb, 
per acre. 

A 

Yield of cotton 
in lb. per acre. 

A 



e 


( 

— \ 

Cholam, Pulse, 

1933-34. 

1934-35. 

1934-35. 

1935-30. 


4 

0 

479 - 

t225 

t201 



3 

1 

♦521 

♦298 

t210 


PilUposwa, . . < 

2 

2 

♦516 

♦299 

tl57 



1 

3 

507 

284 

tl63 



^Mixture, 

. 

t303 

237 

♦307 

. . 


4 

0 . 

432 





3 

1 

467 




HorMgram . . « 

2 

2 

462 





1 

3 

•543 





Mixture. 

. 

t386 





4 

0 

t545 


277 



3 

1 

t506 


278 


Cowpoa . . ^ 

2 

2 

570 


319 


1 

1 

3 

♦658 


291 


1 

Mixture. 

k. 

• 

572 


t263 


1 

r 4 

0 


1264 


280 


8 

1 

, , 

347 


311 

Lablab . . h 

2 

2 


♦370 

, , 

259 

1 

1 

3 


t259 


t221 


[^Mixture. 

* Signiftcantly higher yioldeni. 
t Signidcantly lower yioldcrs. 


Statement No. 8. — RelaHon b.tween protein content and cooking 
quality in redgram varieties. 


Timelnken 

Protein content 

Retnarks. 

to gtl fuUy 

{peroeniages on 

eoohsd 

nuMurt free 


(in minutes). 

basis). 


22 

28- 17 

Tboro is a negative corn>lation bciwoen cooking 
timO and protein content, which is statistically 
significant. Seeds of high protein variotisa 

23 

28- 19 

24 

27-51 

25 

27-46 

cooked oaiiier. 

26 

26*15 

* . ■ 

27 

25*79 


28 

25*46 


29 

25-59 


30 

25-54 


31 

26*39 


32 

25-50 


33 

26*04 

... . , 

34 « 

25*48 


30 

26*32 


36 

25*69 


37 

24*69 


40 

26*06 


M 

M9 
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Statbmbnt No. 10 - — Composition of pulses.' 
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CHAPTER 0. 

OIL SEEDS OTHER THAN COCONUT. 

GBOimDNUT {ArachM hypogcM), 

Granndnat.— Area, varieties, trials, sdeetions, Iqdiridiaatloii— Agro- 
nomic triais— Decortication and stiHrago stmties—itadies on <til 
content and kee^ng gnaiity— Muiketii^ slandaids work at 
Researeh Stations— Fundamentai itndles Md physiiriogieal 
investigations— Geneties and Cytology. 

Gingtily.— Area, enltivattcm, varieties. Malt— leleetien, hyMdifa- 
tion— Agronomic studies— Fundammtal woA— Oil contant and 
factors affecting Quidi^ and quanti^. 

Castor.— Exports and imports— TriBb, varieties and strains evolved— 
Genetic and physiOiogy. 

Otiier oilseed en^.— Safflower— Oil palffi,Tnng (dl tree. 

Family — Leguminoaw^ Tamil — Vtrkadoim. Toliigu — V eruaanaguJlM. 
M^yalam — NMcktUaltK Elaimacla — Ndagadalt. Hindi — VilayUimung — 
Mung-phali. 

Production and importance. — The area under the groundnut in 
the Indian Union is about ten million acres with an estimated 
annual production of 3'5 million tons of pods (nuts in shell). The 
State of Madras accounts for as much as 40 per cent of the area 
and 46 per cent of the production of the entire Indian Union and 
is thus, by far the most important groundnut pniducing area in 
India. Idyderubad and Bombay also have an appreciable siiare m 
acreage and prt*duclion. The crop is raised almost throughout the 
Madras State, excepting the districts of Nilgiris and South Kauara. 

The increase in the acreage under groundnut in Madras has 
been really phenomenal. From a bare two lakhs of acres in 1900 , 
the acreage increased by leaps and bounds and touched the peak 
figure of 4-7 million acres in 19.37-08. Ijater on there was a marked 
decline during war years. At present, the area is roughly four 
million acres. The following statement gives the area and piodup* 
tioii of groundnut in Madras during the past 14 years ending 
1948-49. 

Statement I. — Estimated area and production of groundnut 

in Madras. 

Year 

193.5-36 
1030*37 
1937-38 
1038-80 
1930-40 
IM<M1 


^ Am itt 
tlkoiMAnd^ of 
•erea. 

Plod (MU In 

(Ml) U IlMlttMdff 
oruiui. 

3,636 

1,304 

3,495 

1.CB7 

4,958 

3.000 

3,773 

1.613 

3,918 

1.733 

3»432 

1.0H 
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Statement I . — Estimated area and production of groundnut 
in Madras — cont. 



Year. 


Are* in 
thousaudii 
of 

acrt'ii. 

prodtwtion 
(auto in 
sbeli) in 
Ihott^iatidi of 
tons. 

1941-42 



2,784 

1,183 

1942-43 


• • • 

3,382 

1,304 

1943-44 



3,550 

1,603 

1944-45 


• . 

4,300 

1,962 

1945-46 



4,165 

1,664 

1946-47 

. . . . 


4,121 

1,690 

1947-48 

• • • • 

• • • < 

4,067 

3,970 

1,601 

1848-49 

(Eatinmted forecast). 

• • 

1,614 


The area under the groundnui is influenced by a number of 
factors like timely sowing rains, favourable prices at the sowing 
time and Governinent restrictiuiib. South Arcut, Kurnool, North 
Arcot, Bellary, Anantapur and Guntur are the more jm[)ortant 
groundnut growing districts in the Madras State. (Plate 29.) 

Exports — Kernels and oil . — In ihe earlier years of this centiuy, 
when the industrial development in India wag still in its infancy, 
India was exporting a major part of the produce to foreign 
countries and was having a large share in the international trade m 
groundnuts. With the development of oil crushing and vanaspathy 
manufacturing industries in India, larger and larger (juantities 
began to be consumed in the counirv itself and the exports fell. 
Further, after the war, exports as kernel were restricted by Govern- 
ment. The quantity of kernels exjKirted from Madras Stale 
declined from 8*8 lakhs of tons duiing 1938-39 to only 3-3 lakba 
during 1945-4G, and to only about 31, (XX) tons during 1918-19. 
In the same period exfxiris as oil are estimated to have increased 
from 45,000 tons during 1944-45 to 91,000 tons during 1918-19. 
The Statements II and III give the figures for the exjx>rt.s of 
groundnut kf^rnels an^ oil respectively. 

Statement II . — Export of groundnut kernels (1,000 tons). 


Yow. 

By »oa 

foreiga. 

By soji 
to ''tijer 
SUte!4. 

Bdiniaied by 
rail to oUier 
Staton 

Totol. 

1938-39 (pre-war), . . 

817 

5 

62 

884 

1944-45 

, 216 

15 

71 

301 

1945-46 

197 

7 

126 

330 

1946-47 

, , 

4 

1 

5 

1947-48 

29 

2 

4 

35 

194849 

30 

a • 

1 

31 

Statement HI.— - 

•Export of 

groundnut 

oil (1,(XK) 

tons). 

Year. 

By Roa 
forelKB. 

By wa 
tooUier 
8UU». 

BBtimaM 
by rail. 

Total. 

194445 

1 

16 

28 

45 

1945-46 

1 

IS 

45 

59 

1946-47 

18 

19 

17 

54 

1947-48 

20 

17 

39 

76 

1948-49 

32 

20 

39 

91 


AM. — 19 
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S 60 pe for prodMetim . — Ilie Panel on and soaps iiadu^ies 
constituted by the Government of India, after a detailed study at 
the peoUem, has recommended an increased production of 54 
million tons of pods for the whole of India for utilization as 
follows : — 

Por export — one million tons of kernels. 

For internal oraslung — 2-G million tons of kerneis. 

J'liere is also considerable scope for increased consumption of 
groundmjit as dessertnut in our country. 

In tile Madras State an increased production of. gtoandiiuts 
to the extent of about 20 per cent can be achieved hy adopting 
various measures. The chief among them are, growing groun^uts 
as a mixture crop with cereals in dry lands, as a rotation crop in 
the Modan lands of Malabar and as a rotation or a second crop 
after the harvest of paddy in the wet lands of most districts, 
especially in the Cauvery, Godavari and Krishna deltas, without 
in any way encroaching on the area under paddy or disturbing 
the paddy cropping. 

Effects of climate and soil on the yield and quality of ground- 
nuts. — It is recognized that the yield as well as the qualitative 
characters of groundnut like shelling percentage (proportion of 
kernels to pods by weiglit* natural test w'eight (weight per unit 
volume) size of kernels, [lercenlage of oil and free fatty acids are 
influenced by climatic and soil variations; but proctically nothing 
was known regarding the extent to which they were influenced. In 
order to gather information on these aspects, .six groundnut pure 
lines were grown for three consecutive seasons in about 30 Agri- 
cultural Eesearch Stations distributed throughout the length and 
breadtii of India. Samj^es were received front each of the stations 
and were analysed in detail for the various factors. Tn 27 Research 
Stations, one or more of the pure lines gave significantly increased 
yields over the local varieties and have become popular'. Important 
conclusions drawn frpm the study of qualitative characters are »s 
follows : — 

(1) All the diaracters studied are seen to be greatly influenced 
by the rainfall and its distribution during the period of the growth 
of the crop. 

(2) The nature of the soil and ite cap'acity to retain moisture 
comes into prominence on^ when the rainfall is excesaitre, low or 
badly distributed. 

(3) , Characters such as natural test weight of pods, natural 
test weight of kernels and size of kernels, though highly influenced 
by environmental conditions, are essentially varietal in nature. 

(4) Shelling percentage is equafly varietal and environmental 
m nature. 

(6) Free fatty acids oontent purely environmental in nature 
and is dependent upon seasonal eolations at the time of iMrvest 
and subsequent handbng of the produce. 





30 (a). — Strains of (ground nui, A — TMV I {A.H,2ty) — Spreading, P.212 



Plot* 30 (b).-S, rains of Graundr^ui. B-TMV 2 (.l.H. 32)-£«ncA. 




Plate 31 . — The principal commercial kinds of groundntU cultivated in India, P. 214 

1, Coromandel or Mauritius, 2. Bombay Bold. 

3, Spanish Peanut, 4 . Small Japan or Pollacbi Red, 
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($) OU conteat which is a varietal character is also found 
to be fluctuating even up to seven per cent from season to season. 

Varieties ctdtivated. — The important varieties cultivated in 
Madras are the Coromandel also known as Local Mauritius or 
Mozambique Mauritius, the Sjmnish I’eanut and tlie Pollachi lied. 
Coromandel is a long duration (4| months) spreading variety while 
the other two are short duration (3^ months) bunch varieties. 
Coromandel accounts for as much as 80 per cent of the groundnut 
area of the State. The share of the Si)aniBh Peanut and Pollaclii 
Red comes to about ten per cent and three i)er cent respectively. 
There is another commercially important variety, viz.. Bold (Big 
Japan). This, while practically unknown in Madras, accounts for 
over 50 per cent of the area in the Bombay State. In recent years 
the improved strains of groundnut, viz., TMV 1, TMV 2, and 
TMV 3 released by the Oil Seeds Specialist, Department of Agri- 
culture, Madras, are also being cultivated increasingly in a number 
of districts. (Plates 30 and 31.1 

Evolution of strains — (A) By selection. — As a result of inten- 
sive crop improvement work the following improved strains of 
groundnut have been evolved. They have been extensively tested 
in ryots' holding in a number of districts and have been found to 
be definitely superior to ihe local varieties in the matter of yield, 
oil content, etc., the increase in yield being well over 25 per cent 
(Statement A). The sjiecial attributes of these strains are summa- 
rized below : — 

TMV 1 i.i.ll. 25). — This is a mass selection from 
“ Saloum ” a West African spreading variety. This is a high 
yielding strain yielding more than 25 {ler cent over the “ Local 
Mauritius ” variety. It is best suited for growing during the 
rainfed season (July to December! and is a drought resistant type. 
On account of the snuKith cylindrical nature of pods, harvesting is 
comparatively easy and less costly than the ryots’ variety, as most 
of the pods remain attachwl to the plant when lifted out of the 
soil. It has also been found to be more resistant to “ Bnrul ” attack 
than “ Local Mauritius ”. 

TMV 2 {A H 32). — This is a mass selection from a 
Spanish type. This is a strain with bunch habit of growth and 
yields even as much as the spreading variety in years of well 
distributed rainfall. It is the shortest duration type among the 
groundnut varieties and comes to maturity in 105 days. This strain 
is particularly suited to tracts where the monsoon period is short 
or where two crops are taken during the main rainfall season. 
Being a bunch variety it is very easily harvested. 

TMV 3 (.4.H. 098!. — A strain isolated from the West 
Alrioan variety Bassi. This is another high yielding strain with 
spreading habit of growth, giving over 25 per cent increased yield 
over tire local variety. It has a higher shelling outturn than 
A.H, 25 and the ryots appreciate if on account of its high natural 
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test weight (weight per onit volume). It has given very good 
yields in Salem, South Arcot, North Aroot, OhittoOT and 
Chingleput districts. 

TMV 4 (A.H. 334). — selection from an American variety 
Carolina, This is another spreading strain of groundnut, capable 
of giving more than 25 per cent increased yield over the “ Local 
Mauritius This is specially recommend^ to be grown un^er 
irrigation during summer (March-July). It has a larger propor- 
tions of three-seeded pods. 

All these improved strains being definitely superior to the 
local varieties are expected to bring, on a modest estimate, an extra 
remuneration of Us. 50 per acre to the cultivator. Bealising the 
benefits that would accrue to the ryots, the Government have sanc- 
tioned a scheme of seed multiplication of the strains with a view 
to making large quantities of seeds available to the ryots. 

The following are a few of the promising selections evolved 
recently (Statement B) : — 

(1) AH, 4111. — l^his is a pure line selection from the local 
bunch variety, “ Gudiyatham Bunch It is a short duration 
type with an erect habit of gi-owth. It cannot stand long periods 
of drought. Kernels are small, light rose, rounded, plump and 
non-dormant, i.e., they do not require any period of rest after 
harvest and before germination. 

(2) AH, 4205. — This is a pure line selection from the Iwal 
bunch variety, “ Gudiyatham Bunch ”. It ie a short duration type 
with erect habit of growth. It cannot stand long periods of 
drought. Kernels are small, light rose, rounded, plump and non- 
dorraant. 

(3) AH. 4218. — This is a pore line selection from the local 
bunch variety, “ Gudiyatham Bunch ”. It is a short duration type 
with erect habit of growth. 14 cannot stand long i)eriods of 
drought. Kernels are small, light rose, rounded, plump and 
non-dormant. 

(4) AH. 4515. — This is a pure line selection from the 
Sooth American variety Casilda 5. It is a short statured very early 
maturing type with an erect habit of growth. It cannot stand 
long periods of drought. Kernels are small, light rose, rounded, 
plump and non-dormant. 

(6) AH. 2105. — This is a pure 4ine selection isolated from 
the West African variety “ Native Tanganyika ”. It is a medium 
duration type with semi-siM-eading habit of growth. Kernels are 
medium, rose, elliptic, not plump and dormant. 

(6) AH. .3711. — This is a pure line selection from the local 
variety grown in the Salem district. It ie a medium duration type 
with spreading habit of growth. Kernels are small, rose, round 
not plump and dormant. 

(7) AH. 43.54. — ^This is a pure line selection from variety 
“ SfianiBh Bombay ”. Plants are vigorons with semi-spreading 
habit of growth. T^iey do well in years of well distributed rainfall. 
Kernels are medium, rose, elliptic, not plnmp and dormant. 
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Trials with these promising selections will be arranged in 
the districts to study their performantce in detail in ryots’ lands. 

(B) By hybrdization. — ^As certain economically important 
characters hke yield, shelling percentage, dormancy of seeds, habit 
of growth, etc., afe not found associated in varieties suited to the 
particular needs of different locahties, extensive inter and intra* 
vanetal (within variety) hybridization work has been started and 
is m progress. Crossing between selected varieties of ArachU 
hyyogaea and other species like A. nambyquarae and A. Rasteiro 
has been made. The progenies of inter specific crosses proved 
uneconomic in many respects. 

Intensive hybridization work carried out with the object of 
evolving a short duration bunch strain with dormant seeds to meet 
the ne^s of the tracts like Guntur, Pollachi, etc., so as to eUminate 
loss due to sprouting of seeds in the field at maturity, has yielded 
a strain with the desired attributes. It is AH. 6^1 wliich is 
a selection from a cross between the local bunch and Native 
Tanganyika. It has a bunch habit of growth with short duration 
and gives more than 15 per cent increased yield over the local 
bunch. Kernels are medium, rose, elliptic, somewhat plump and 


dormant. (Statement A.) 

Average aoie yield of poda . . . . . . 1,2S0 lb. 

Shelling peroentago 7ft 

Weight of one Madras measure of pods . . 1 lb. 4| 02 . 

Wei{^ of one Madras measure of kemds . . 2 lb. 13 os. 

Number of kernels per pound . • . . 1,058 

Oil content of kernels (on nuM^tore free basis). 40 per cent. 

Duratkm .. .• 110 days. 


It is proposed to multiply the seeds of this selection and 
conduct extensive district trials in Guntur and Pollachi tracts. 

Crosses to evolve a strain with siueading l^abit of growth 
with high yield and thin shell, i.e., giving high outturn of kernels 
have been effected and the work is in progress. 

Evolution of a largo seeded type for edible purposes. — The per 
capita annual consumption of groundnut in Madras is estimated 
at <1'4 lb. of pods. This shows that there is scc^ for considerable 
expansion. As groundnut cultivation developed in this State on 
account of keen foreign demand for industritd purpose only com* 
mercial types with high oil content were introduced. 80 far no 
attempt has been made to encourage cultivation of large kemelled 
t^es suitable for eating. Groundnuts for edible use should be big 
sized with low oil content and good flavour. Nine large seeded 
varieties weighing about 800 kernels per pound as aigainst 1,2(X) 
kernels pw pound of the ordinary ‘ variety ' , were under compaii* 
son for yield uniformity in size and shape of kernels and oil con- 
tent. from the point of view of yield, the results have not 

been conclusive, it was found that Arachis nanthyquarae gives fiva 
to six per cent 1 ^ than the others and this is a desirable chazao- 
t«r m desort nuts. 
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Agronomic trials — Cultivation of groundnut — in gfenerol.— The 
groundnut uiup is mostly raised under rainfed conditions from 
June-- July to December-January, the time of sowing depending 
upon the receipt of South-West Monsoon rains. It is also culti- 
vated as a summer crop under irrigated conditions from February- 
March to June- July in a few districts. The crop is grown on a 
variety of soils. The sowing is done either in lines behind a country 
plough or by means of a seed drill. The seed rate varies from 60 
to lUO lb. of kernels per acre depending upon the habit of growth 
and size of kernels. Optimum seed rates have to be used to obtain 
good yields. Normally two intercultivations are given. The crop 
is harvested when the vines begin to turn yellow and the inside 
of the shell turns dark. The short duration bunch type is harvested 
by pulling out the plants with hand. In the case of the long 
duration spreading type, the plants are dug and removed with 
a spade {nMmmuti) and the nuts left in the soil are subsequently 
gathered. In parts of Ceded districts, the plant is uprooted by 
working a blade harrow (Pedda Guntaka). Some times when the 
soil hardens, )t may be necessary to work the country plough before 
either digging with a spade or working the blade harrow. Tlence 
harvest of the spreading type is both laborious and expensive. 

(1) Cultural eo'periments. — ^It is usual to give two to eight 
ploughmgs ’ with country plough to the fields before 8f)Wing 
groundnut. There are no experimental data to show the optimum 
number of ploughings necessary for raising a good crop of ground- 
nut. To find out the most economic cultivation practices to be 
followed for the groundnut crop, a cultural ex[)eriment with the 
following four main tillage treatments and two intercultivation 
treatments were carried out on the bunch and spreading strains of 
groundnut : — 

Tillage tr&UmetUs — 

Ploughing once with country plough. 

Ploughing twice with country plough. 

Ploughing thrice with countoy plough. 

Ploughing four times with oountiy plough. 

Iniercultivation treatmenta — 

Hoeing and weeding once (at flowering time) 
and weeding twice (the first at flowering time and the 
seoond a month later). 

The results iu^cate that ploughing is beneficial and that 
two boeiugs and weedings " is better than " one 1i<>emg and 
weeding.” 

Q'o determine the optimum number of ploughings required 
and to find out the feasibility and economics of substituting 
ploughings with cultivation by cultivator, a new expenment with 
nine treatments has been started from 1948-49. 

(9) Spaaing and seed rate eaiperiments.-Seei ratfe being 
an Important item in the cost of cultivation of gronndnut it was 
considered necessary to determine the economic seed cate t>> be 
used for the crop, with a view to determine the optimum spaetaf 
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ftnd th6 econouiic seed rate to be adopted , spaciug and seed rate 
experinieiits were carried out for over seven years. A spacing of 
nine inches either way has been found to be the best for spreading 
varieties under rainfed conditions; bunch varieties give maximum 
yield when spaced 6 inches apart. Thie works out to a seed rale 
of about 75 lb. of picked kernels per acre for the spreading and 
100 lb, for the bunch types. This seed rate is being advocated 
in all the districts where low seed rate is adopted. The ly^ots 
have begun to realize the advantages of using higher seed rate, viz., 
higher yield, uniform maturity and good quality of produce. This 
improvement was particularly spectacular in the Visakhapatnam 
district where a low seed rate of about 30 to 60 lb. of kernels per 
acre had been previously used. 

(8) Mixed cropping experiments . — Comparison of a pure crop 
of spreading groundnut with six other mixtures of groundnut and 
other crops showed that mixed cropping was more remunerative 
than pure cropping. Among the mixtures tried groundnut -cotton, 
groundnut-castor, groundnut-sorghum and groundnut-redgram were 
the most remunerative. Of the crops grown mixed with groundnut, 
sorghum depressed the yield to the maximum extent (50 per cent) 
while the minimum of depression in yield of groundnut (19 per 
cent) was observed when grown with tenai. The experiment was 
repeated with a bunch variety of groundnut to see how it fared 
under mixed cropping. The depression in yield suffered by the 
bunch groundnut by the mixed cropping, was comparatively less 
than that observed in the spreading groundnut. This is probably 
due to the high initial rate of growth of the bunch groundnut 
which lielps it to minimise the effects of the subsidiary crop. 
Even in this series of experiments, the depressing effect of 
sorghum on the bunch groundnut was the higbest. A third series 
of experiments to study the effect of mixed cropping of bunch and 
spreading * varieties ’ of groundnut with sorghum, bajra. redgram 
and castor grown in the same season has been started. 

(4) Rotation experiments . — Precise information on the 
influence of groundnut on the cereal crops rotated with it in dry 
lands, and vice versa is lacking. A rotation experiment with 
bunch and spreading varieties of groundnut carried from 1915-46 
season has shown that cereals following groundnuts have given 
markedly better yields than cereals following cereals. The 
desirability of including groundnut in regular rotation in dry land 
cropping has been established from experimental data. It reduces 
soil erosion and improves the fertility status of the soil. 

(6) ManuTial experiments . — Continuous cropping of the same 
land with the groundnut without manuring has been found to 
result in poor yields, the difference in the yields being very marked 
in years o[ poor rainfall. The first series of experiments carried 
out in loamy soils on N, P and K (Nitrogen, Phosphorous and 
Potassium) basis with and without a basal dressing of cattle 
manure showed that the groundnut crop responded well to thtt 
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application of potash and pho(^adc acid and also to cattle manure. 
However, the doses adopted, namely, potassium sulphate at 1 cwt. 
per acre and super phosphate at 2 cwt. per acre did not prove 
economic. Therefore it is necessary to find out the optimum and 
economic d<>.se6 of these manures and the chet^Mtst forms in whkir 
they can be applied. 

(6) Flat versus ridge system of euUwation . — Groundnut is 
usually sown behind a country plough and covered by passing a 
brush harrow (branches and twigs tied up into a bundle). This 
is the “ flat system ” of cultivation which is largely in vogue. 
Hut groundnuts are also reported to be sown on ridges in other 
countries. This kind of cultivation, i.e., the “ ridge s^’stem ” 
IS practically unknown in this country. An experiment was laid 
out at the Agricultural Itesearch Staticm, Tindivanam, to find 
out which is the more economical of the two systems of cultivation. 
The trials showed that the fiat system of growing groundnut is 
to be preferred to the ridge system of cultivation and . that the 
latter is neither possible nor necessary for a rainfed crop during* 
the rainfed scasim. 

At the Agricultural Eesearch Station, Palur, a similar 
expel imeut was canied for two years during the summer season, 
definitely proved that the flat or bed system of cultivation resulted 
in more yield than the ridge system. 

(7) Electroculture of groundnut. — ^It was at one time claimed 
that electroculture could be made use of to increase the yield in 
all crops. Experiments conducted on groundnut included sowing 
of seeds previously soaked in ” sparked water ” and irrigating the 
plots with ‘ sparked ’ and “ ouionised ” water. There was no 
increase in yield due to electroculture treatments. 

Pests and diseases. — The jiests and diseases attacking |be ort^ 
are dealt with in the chapters on “ Crop Pests ” and “ Cn^ 
Diseases ”. 

Harvesting and yields — (1) Proper staye of harvest. — ^Trials 
conducted to determine the proper stage of harvest of the crop 
have shown that the maximum yield and the best quality of pro- 
duce are obtained only when the crop is harvested when it is fully 
mature, as indicated by the yellowing of leaves and the develop- 
ment of dark colour inside the shell of the pod. Too early a har- 
vest, even by a week, as practised in some of the districtB like 
South Arcot, North Arcot, etc., is found to result in low yield, 
high percentage of shrivelled kernels, low oil content ahd big V* 
free fatty acid content which in turn bring down ihe market value 
of the produce. 

_ Harvesting and curing trials. — ^Dijffermrt practices of har- 
vestiag and curing of groundnuts are being followed in Ihe differ- 
ent ■distoriots of the State and shu in otw groundnut growum 
eonmiries d the world. To assess the relative effects of a few d 



IIBH0IB9 OF THE DEPARTMENT OF AOBICDIVIUBB, MADRAS 221 


the more important ones on the quality of the produce, the follow- 
ing three treatments were under trial: — 

(o) Plants pulled out with pods intact and left in the field 
for about a week 

(6) Plants pulled out and pods stripped immediately and 

dried 

(c) Plants pulled out with pods intact and staked on poles 
in the field for about a week 

Representative samples drawn from the different jEreatmenfs 
were analysed for oil, free fatty acid content and germination. 
It was found that treatment (c) is slightly better than the other 
two, in regard to oil content of the kernels. 

(3) Duration and yields. — In groundnut, the early varieties 
have a duration of 105 days and the late ones up to 135 days. 
Bunch varieties are in general shorter in duration. Under rainfed 
conditions the normal yield ranges between 1,000 to 1,250 lb. of 
pods per acre ; under irrigation 3,000 lb. per acre are obtained. 

Decortication and storage — Investigation of the working of 
groundnut decorticators. — With a view to finding out if the pro- 
portion of ‘ splits ’, ‘ hrokens ’ and ‘ nooks ’ that occur at present 
in decorticated kernels can be reduced to any appreciable extent 
by effecting improvements to the existing type of decorticators, 
an enquiry into the working of groundnut decorticators at repre- 
sentative decorticating centres of the important groundnut grow- 
ing district's of the State was conducted. Kirloskar’s Kalyan, 
Dandekar’s Sangli and P.S.G.’s decorticators were found to be 
the more important makes in general use. The first is a grate type 
while the other "two are beater type.s. The grate type of decorti- 
cator is reported fo be the best as it gives greater outtum and lower 
percentage of broken kernels. The high percentage of split and 
broken kernels now met with in commercial samples of decorti- 
cated groundnuts were found to be due to (a) working of decorti- 
cator at high speed, (b) using incorrect size of sieve, (c) non- 
replacement of worn-out parts, (d) absence of regulated feeding of 
pods into the decorticator and («) failure to adjust the machine to 
soit the size of pods fed into the decorticator. 

Storage — (,4) Storage of pods — (1) Deterioration of groundnut 
stored as pods and kernels. -^roxmdnnts are stored either as pods 
or as kernels depending on the quantity to be stored, the use to 
which it will be put to, and the facility available for storage. To 
find out which keeps better under storage and which of the con- 
tainers are best suited for their storage, the rate of deterioration 
of^ groundnuts stored as pods and as kernels, loose and in con- 
tainers such as gunny bags, basket bins and mud bins was studied. 
Groundnut stored as kernels showed marked increase in damaged 
Itactkips, insect atli)ck and acidi^ when compared with groundnut 
8tor«d as pods. The total loss due to drying and insect attack was 
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also high in the case of kernels. The loss worked out, to 6-2 per 
cent as against 4'3 per cent recorded for pods. Among the different 
containers tried, mud bins appeared to be the best for storing ker- 
nels. In the case of pods, no marked difference due to storing in 
different containers was noticed, probably because of the protective 
shell. 

(2) Shell thickness in relation to keeping quality in ground-- 
nuts. — Groundnut varieties can roughly be grouped into three 
classes on the basis of shell thickness. It is a fact that shells 
afford some protection to kernels against insect pests. But whe- 
ther this affords similar protection against the absorption of 
moisture from the atmospheric was not clear. Small quantities of 
pods with kernels of a variety with thin shells (0'9 m.m.) and 
another with thick shells (1-5 m.m.) were exposed to controlled 
varying conditions of atmosphere humidity, viz., 50, 75, 100 per 
cent. The course of absorption of moisture was traced in all cases 
till the kernels attained hygroscopic equilibrium with the atmos- 
phere. The data showed that the trend of moisture absorption was 
almost the same in both the varieties and that the thickness of the 
shell did not appear to affect absorption in any way. 

(3) Storing unshelled groundnuU.- — The storing of ground- 
nut pods becomes a necessity when a ryot is not able to dispose 
of his produce immediately after, harvest or when he has to use 
them for seed, the next season. The following points have to be 
borne in mind in such storage. 

Groundnuts intended for storing should be well dried and 
free from all damaged and diseased pods. Drying in the open sun 
in thin layers for about a week after harvest, till the kernel inside 
becomes crisp, is considered advisable. While drying, care should 
be taken not to trample the pods and crack them* 

The mosi convenient method of storing large quantities of 
groundnuts is to pack them in good gunny hags which are clean, 
47 and free from all insects. The bags may be stored in a dry 
room and it is a good precaution to keep the bags raised from the 
floor or to cover the floor with a 6-inch layer of clean dry sand, 
if the bags are to be kept on it directly. The bags may be arranged 
one over the other so that they do not touch the bare walls. A 
layer of dry ash about a foot in width may be spread around the 
heap of bags. 

If gunny bags are not available, the unshelled nuts may 
be stored in heaps in a room. Before heaping, a layer of dry sand, 
or dry groundnut husk or paddy husk or paddy straw at least half- 
a-foot thick, should be spread bn the floor and a mat put over this. 

Small quanlities of pods are best stored in pots or baskets 
smeared over with cowdung, in wooden boxes or in receptacles 
made of earthem rings. In such cases, it is advisable 10 fill the 
container to the top and seal it with a plastering of mnd. 

In any kind of storage, the rooduce should be taken out 
periodically and dried in the sun. ^en this is done, the store 
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room and the containers must receive a thorough cleaning. Ground- 
nuts intended for seed should not be kept for more than a year. 

(B) Storage of kernels — (1) Rate of deterioration of the 
produce of winter and summer crops , — Groundnut is generally 
raised as a winter crop under unirrigated conditions from July to 
December, with the help of the monsoon rains. It is also grown 
on a small scale in certain districts, as a summer crop under irri- 
gation from February-March to July. The crops are harvested af 
different times of the year and stored during different seasons. 
The produce of the winter crop which comes fo the market in 
December-January has generally a dry j>eriod of storage, while 
that from the summer crop which arrives in the market in July- 
August is stored during rainy months. 

The produce of the summer crop was found on storage to 
undergo deterioration much more rapidly than the winter produce. 
Insect incidence and loss of produce recorded after ten months 
storage were high in the case of summer produce when compared 
with that of the winter produce. Summer produce contained a 
higher percentage of oil, about three per cent more than the winter 
produce. Judging from the poor keeping quality and greater loss 
due to drying and insect' attack, it is considered undesirable to store 
the produce from the summer crop for long periods. 

(2) Effect of storing tcell dried and partially dried kernels, 
— Even though it is generally admitted that all produce intended 
for storage should be well dried, it is not uncommon to store 
partially dried maferial. Storage studies conducted on partially 
dried and well dried kernels showed that the moi.sture content of 
the produce at the time of actual storage was the most important 
predisposing factor of deterioration of groundnut in storage. The 
partially dried kernels of both the Peanut and Coromandel varie- 
ties developed heat soon after storage and deteriorated at a much 
faster rate than well dried kernels. Peanut variety showed more 
caking up than the Coromandel variety. Even though insect inci- 
dence appeared to he more in the fully dried kernels in the early 
stages of storage, the position was reversed as the storage pro- 
gressed, the partially dried material being more affected by insects 
than the fully dried kernels. The loss of material due to drying and 
insect attack at the end of ten months storage from every bag of 
kernels of 177 lb. was 17 lb. for Peanut variety and 28 lb. for 
Coromandel variety as against 12 lb. and 17 lb! respectively for 
the fully dried material of the two varieties. It was also noted 
during the course of the studies that deterioration, insect attack 
and loss were considerably more in the border bags than in the 
central ones. The study has shown that for safe storage the 
initial moisture content should not be more than 5 per cent. 

(8) Deterioration of groundnut in relation to initial 
rnmture cotifenf.— An experiment to study the progress of 
oetenoration of groundnut kernels in relation to the initial 
moisture content was carried out. Kernels from pods fwet) as 
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they were found at the time of harve^, kernels from pods dried 
from one to three days in the sun, kernels from partially and well 
dried pods were stored in gunny bags and samples drawn and 
studied periodically for content of oil and free fatty acid. Beoords 
of temperature of the kernels in the big were also kept wi£h a 
view to finding out the degree of fermentation going on. The 
results showed that even three days drying in the sun was inade- 
quate. The wet kernel increased in acidity and suffered loss in 
oil content, both of which are undesirable from a commercial point 
of view. The experiment also showed the danger of even storing 
dried and wet kernels in close proximity. The necessity for the 
thorough drying of the produce before storing to keep up quality 
was well brought out by this experiment. 

(4) Study of development of free fatty acids content in 
commercial groundnuts under normal storage conditions. — Machine 
decorticated kernels generally marketed are found to contain com- 
ponents like “ wholes ” (whole kernels), “ splits ’* (kernels split 
into two), " nooks ” (pieces less than 1/8 kernel), imaged and 
shrivelled kernels in varying proportions. The susceptibility of the 
different components to deterioration in storage was studied in 
detail. Samples of “ Coromandel Mozambique ” and “ Khandesh 
Peanut ” from the Bombay godowns were received every fort- 
night. They were separated into the different components men- 
tioned above and estimations of oil and free fatty acid contents 
were made for each component separately. The experiment was 
in progress for a period of ten months. The results conclusively 
flowed that the rate of development of free fatty acids was least 
in the whole kernels followed by splits and immatures while it 
was maximum in nooks and damag^ kernels. It was thus con- 
cluded that to improve the qualify of groimdnuts, nooks should 
be removed by sieving or other means and the damaged kernels 
should be picked and removed. 

(6) Deterioration of kernels having varying proportion of 
“ wholes ”. — ^To find oul how the proportion of whole kernels 
stored contributes fo the deterioration of the commercial grade of 
kernels in storage, the rate of deterioration of kernels having 100 
per cent, 75 per cent, 50 per cent and 26 per cent “ whole ” 
kernels was i^died. Kernels with 100 per cent “ wholes ” 
recorded minimum increase in acidity and insect attack while 
those with only 26 per cent “ wholes *’ gave maximum values. 
The loss due to drying and insect attack during the ten months 
period of storage was 9 lb. (for every bag of 177 lb.) in the case 
of 100 per cent " wholes ”, and 20 Ib, in the case of produce 
having only 26 per cent ” whdes Of Jhe different components 
of decmticated kernels, “ splits " and ” broken ” fractions were 
found to deteriorate more quiddy than ” whole ” kernels. Prom 
the results if is evident that deterioration and damage in storage 
can be minimised consideraUy by slorittg kernels wi!^ a high 
proportion of ” wholes ”, 
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(C) Godowna and storage — (1) Effect of storing kernels m 
weU-aerated and properly-cleaned godowns. — ^The rate of deterio- 
ration of gronndnet kernels stored under erdinary godown condi- 
tions was compared with that stored in a well-ventilated and perio- 
dically cleaned portion of the same godown by proper partitioning. 
The general trend of development of acidity and damage was 
almost similar in both the cases. However, in the matter of 
inseot incidence, the material inside the well-ventilated enclosure 
showed comparatively lees infestation in the early stages than the 
material stored under ordinary conditions. But as storage pro- 
gressed this difference was gradually reduced probably due to the 
migration of storage pests from the adjoining infested portion of 
the godown. 

(2) Rate of deterioration of kernels stored in godowns with 
different flooring and bedding materials and bags piled to different 
heights. — Well-dried kernels of both Peanut and Coromandel varie- 
ties were stored on different flooring and bedding materials such 
as coir matting, sand, railway cinders and groundnut shell; and 
bags were piled to different heights as adopted by the trade and 
their effect studied. Kernels in the bottom bags stored on bedding 
material like coir matting, on hard (pucca) flooring and railway 
cinders were found to cake up when stored for appreciably long 
periods especially when the bags were piled to more than ten bags 
height. Insect pests were seen to breed in large numbers under 
coir matting and in groundnut-shell used as bedding. Of the 
dunnage materials tried, clean sand covered with gunny purdah 
appeared to be the best. 

(3) Effect of relative humidity on moisture content and 
deterioration of groundnut kernels. — ^Freshly harvested and well- 
dried kernels were stored in atmosphere of different humidity for 
different periods and the moisture and free fatty acid contents of 
samples determined at scheduled intervals. The following conclu- 
sions are drawn ; (1) when groundnut kernels (wholes) are exposed 
to Ihe atmosphere of varying humidity they react to the outside 
moisture conditions and either absorb or give up moisture and 
reach hygroscopic equilibrium. (2) Irrespective of the initial 
moisture content, the percentage of moisture present in the ground- 
nut kernels in hygroscopic equilibrium is essentially a function of 
Ihe relative humidity of the atmosphere. Thus with 30 per cent 
relative humidity, the kernels attain hygroscopic equilibrium at 
4’5 per cent moisture content, 5-5 with 40 per cent, 8-2 with 70 
per cent and 16 per cent with M per cent relative humidity. These 
dala will enable one to forecast the probable behaviour of a sample, 
the moisture percentage of which is known under a particular set 
of a^ospheric conditions. (3) The rate of increase of free fatty 
acids in groundnuts under storage was deflnitely greater in sam- 
ples having a higher moisture content at the lime of storage than 
in a well-flried sample with lower moisture content, j-'^he differ- 
ence in the rate of increase in acidity was marked even though the 
partially dried kernels gave up moisture when stored under dry 
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conditions and atliained hygroscopic equilibrium. However, the 
magnitude of increase in the rate of devek^ment of fi?ee fatty 
acids is influenced by* the outside atmospheric humidity and ia 
directly proportionate to it. 

Oil content in groundnut varieties. — Since oil content is the 
most important commercial character in oilseeds, this was always 
a major consideration in the evolution of strains. It had to be 
ascertained at every stage of yield trials that the cultures und«r- 
trials were satisfactory in respect of oil content. Extensive investi- 
gations carried out showed that the average oil content of South 
Indian groundnuts is about 50 per cent by chemical extraction 
and that this character is considerably influenced by seasonal condi- 
tions. Varieties showing consistently high percentage of oil were 
spotted out. One variety Arachis nambyquarae was found to give 
comparatively low oil content of, about 46 per cent and appeared 
suitable for popularization as a dessert nut. 

Specific gravity and oil content. — ^With the object of finding 
out whether varieties of groundnut differ in specific gravity and 
whether it is correlated with oil content, a study was conducted 
with materials derived from widely different sources. It was found 
that the specific gravity is affected only very little by the soil and 
climatic differences. None of the three characteristics, viz,, weight 
of kernels, volume and specific gravity was found correlated with 
the percentage of oil in the kernels. If high correlation has been 
established this would have offered to the breeder a rough and 
ready method for finding out the oil percentage in places where 
the necessary laboratory facilities are lacking for estimation of 
oil. 

Season and quality. — ^The oil content which is a varietal 
character is also found to be fluctuafing even up to seven per cent 
from season to season. Free fatty acids content of kernels is not 
a varietal character but is solely dependent upon seasonal condi- 
tion prevailing at the time of harvest and subsequent handling of 
the produce. 

Free fatty acids. — The high content of free fatty acids content 
of South Indian groundnuts shipped to foreign countries has been 
estimated to result in considerable financial loss to the State. The 
causes were investigated and found to be due to (o) harvesting ?he 
crop when it is not fully mature ; (h) improper drying of the pro- 
duce before storing; (c) damping or wettij^g the produce before 
shelling or decorticating, and (d) high percentage of damaged 
kernels, “ hooks ” (small pieces) and splits. 

Oil crushing industry. — ^There has been a large expansion in 
the number of expellers and rotaries in the Madras State as 431111 
be seen from the following ; — 
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The capacity of the industry has expanded markedly, so thal 
it can utilize all the oil seeds produced in the State. In the future 
programme exports as oil instead of kernels, will serve the best 
interest of the country. The Vanaspati industry in the State is 
also taking in large quantities of groundnut. There are now eight 
factories in Madras with a capacity of 25,400 tons of kernels each 
and three with a capacity of 14,200 tons of kernels each or a total 
of 144,200 tons of kernels or roughly 57,000 tons of oil. 

Grade standards for marketing , — At the instance of the Agri- 
cultural Marketing Adviser to the Government of India over 1,000 
market samples of groundnuts collected from all over India were 
analysed in detail for a number of physical factors and also for 
oil and free fatty acid contents. The results were of much value 
for the marketing staff to draw up grade standards in groundnut. 
Specifications for the following commercial grades have been fixed, 
(a) Khandesh, (b) Bold, (c) Coromandel and (d) Red Natal. 

Dietetic and nutritive value . — Analysis of groundnut kernels 
and of groundnut cake, carried out by the Governrnent Agricul- 
tural Chemist, Coimbatore, show the nutritive value of groundnut, 
and cake high ; and the protein of groundnut cake is the cheapest 
of all cake proteins. The haulms also are used as cattle feed. 

Part played by research stations . — Even before the creation 
of a separate section for w'ork on oil seeds, groundnut was receiving 
certain amount of attention in the District Farm at Pallakuppara, 
near Tindivanam under the Deputy Director of Agriculture. The 
work that was carried out was of a preliminary nature. With the 
inception of the Oilseeds Section, this station passed on to the 
control of the Oilseeds Specialist. Since 1035. the work is being 
done at the Agricultural Research Station, Tindivanam, f)pened 
exclusively for oilseed work. All the items of applied research 
enumerated above and fundamental work (given below) on ground- 
nut were carried out at the Agricultural Research Station, Tindi- 
vanam. 

At Coimbatore which is the headquarters of the Oilseeds 
Specialist, there was no farm attached to the section. The research 
work at Coimbatore consists mostly of a chemical and fundamental 
nature in the laboratory. 

Developmental studies— (1) Root studies.— The short duration 
bunch varieties do not have so well-developed a root svstem as the 
long duration spreading varieties. The medium duration “ semi- 
spreading variety AH 73 ** Native Tanganyika ” is intermediate 
between the above two types in this respect. The development of 
the root system more or less seems to be directly related to the yield 
mg capacity and the bunch varieties are poorer jielders than tho 
spreading varieties. Further among the bunches AH 32 with a 
better root system is a better yielder lhan AH 45 ; and among the 
spreading AH 25 is superior to AH 1 in respect of root svstem as 
well as yield. 

It can, however, be stated that the converse is not alwavs tme 
hecanse AH 784 (Var. gigantea) and drechis rmmbyquarae are 



228 MEMOIRS OF THE 1»FARTMBNX OF AQRXOiJLTUiai, MADRAS 


poor yielders, even though they have quite a good root system. 
Similarly, though the drought resistant nature is closely asso- 
ciated with a well-developed root system, the converse is not also 
true. It is interesting to note that AH. 1728 “ Kurumani ” (the 
indigenous variety) a poor yielder with very long duration has well- 
spread but shallow root system. 

Maximum root development is seen within 15 cm. <rf the 
soil. Hence the necessity of giving good tilth to the first six 
inches of the soil before sowing groundnut is quite evident. Deep 
cultivation is not necessary for the crop. The period of m axi mu m 
development of the root system is during the second month and 
ii almost synchronises with the period of maximum shoot develop- 
ment. For the proper development of groundnut plants and to 
obtain high yield it is, therefore, necessary that there should be 
adequate and properly distributed rainfall during this period. 

(2) Siioot development . — The growth is greatly influenced by 
rains. A well-distributed south-west monsoon is essential for good 
plant growth. The short duration bunch varieties suffer most in 
the absence of early rains, while the long duration spreading types 
revive if the north-east monsoon rains are received in time. 
Absence of north-east monsoon showers arrests growth of plants 
in the later stages with the result that the spreading types get no 
benefit from their longer duration. The count of total number of 
nodes or leaves is generally low in the non-branching bunch types, 
and high in the spreading fypes. It is interesting to note that 
AH 45 among the biinch types and AH 1 among the spreading 
types have the least resistance to drought as is seen by their quick 
fall in growth rate in the absence of rains. However, AH 25 
(Saloum) a high yielding, partially drought resistant variety is 
seen to have Fhe poorest shoot development among the spreading 
types. 

(3) Flowering . — Flower production in the groundnni as in 
shoot development is profoundly influenced by rainfall. A w'ell- 
distributed rainfall is more, ben^cial than heavy rains received at 
irregular intervals. In the bunch types flower production starts 
about the 24?h day and continues for a month. In favourable 
seasons, a second feeble flush is also observed. In the spreading 
varieties there are distinct waves, the first starting from the 28th 
day and lasting for a month and the second wave of about a 
month’s duration starting after a break of fortnight. If the south- 
west monsoon is defective flow» production is late and fe^le in 
the earlier stages and the two waves of flower production in tha 
spreading types may merge into one. If the north-east monsoon 
fails, the second wave may be feeble or absent. The flowering in 
fhe bunch typ^ is seen to rise sharidy, while it is spread out in 
the spreading 'types. In the other tvpes, flowering is heavy and 
profuse and continues for a much longer pm’od with nifribed 
decrease during periods of defidetit rainfall. Hie varieties and 
forms studied have been divided into seven distinct gR»i|M, 
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(4) Fruiting. — -The fruiting phase in the groundnut is again 
largely dependent upon the seasonal rainfall. A well-distributed 
rainfall in the early stages is necessary for good flower production. 
For good setting bright sun shine is essential. The fertilized pegs 
require sufficient soil moisture for growth and subsequent develop- 
ment underground. These cUmatic conditions seem to be contra- 
dictory. But in reality, the season obtaining at the end of the 
south-west monsoon and during the beginning of the north-east 
monsoon is characterized by alternate spells of dry and wet weather. 
As the early plant growth and the first flush of flowering is over 
by south-west monsoon period, the alternate dry and wet periods 
are idesd for the fruiting phase. To get this benefit it is necessary 
that the sowings are done early in the season. Observations over 
a number of years have shown that early sowings result in high 
yields. 

The study has given an idea of the development of certain 
groundnut varieties and forms. The characteristic differences 
among them in respect of growth, flowering and fruiting behaviour 
are marked. The influence of rainfall and its distribution on every 
phase of development is considerable. 

(5) Development of the gynophore {or stalk of pod) in arti- 
ficial media. — The development of the tip of the gynophore into 
pod in artificial media like sand, powdered charcoal, cotton wool, 
loose saw dust, air, etc., was studied. Pods were found to develop 
normally in sand and powdered charcoal irrespective of the media 
being moist or dry. In the other media no development took place 
indicating the probable necessity for some resistance on the part 
of the media to encourage pod development. 

(6) One to three kemeUed nature of pods. — The production 
of 1, 2 or 3 kernelled pods on a plant of a variety having generally 
one to three kernelled pods is found to be independent either of 
the position of the flower on the plant or the time of appearance 
of flowers. Plants raised from seed obtained from 1, 2 or 3 ker- 
nelled pods did not breed true or give a high preponderance of the 
particular kind of pod showing thereby that selection of 2 or 3 
seeded pods for seed purposes is unnecessary. 

(7) Seed dormancy. — This is an important economic character 
in the groundnut as seeds of non-dormant types on receipt of rains 
aiE hugest time sprout in the field, causing considerable loss of 
produce as in Pollachi and Guntur tracts where bunch varieties 
(Spanish, Small Japan, etc.) are cultivated. Dormancy studies 
show that the bunch varieties have generally non-dormant seeds, 
while the spreadii^ varieties have dormant seeds. Based on these 
studies hybridization has been done to produce a bunch type with 
dormant seeds. 

It la also found that the bunoh varieties can be used for 
seed purpose about ten days after harvest, as about 90 per cent of 
the seeds geRninate after a week’s drying. In the spreading 
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Tfliieties, tibe seeds can b6 used for sowing only about 2^ months 
tbfter harvest as these require a resting period of about 2| months. 

(8) Seed viability. — Viability studies have shown that ground- 
nuts remain viable for about four years if the seeds are kept in 
air-tight containers. They lose viability in about a year if stored 
under ordinary conditions, in gunny bags. 

Physiological investigations. — To elucidate the physiological 
basis for the differences in yield of various strains one particular 
aspect, viz., the economy in the utilization of water was investi- 
gated in respect of the varieties, viz., " Gudiyatham Bunch 
“ Saloum ” and “ Local Mauritius The production of dry 
matter was found to be the highest in “ Saloum ” as compared 
with “ Local Mauritius ” and “ Gudiyatham Bunch ”. The leaf 
surface per plant was also the greatest in “ Saloum ”. In the 
early stages of growth the percentage of moisture was the least 
in “ Saloum ”, but in the economy of utilization of water 
“ Saloum ” is better than “ Gudiyatham Bunch To produce 

Saloum ” is better than “ Gnidyatham Bunch ”. To produce 

a gramme of dry matter about 1,010 grammes of water was 

required in “ Gudiyatham bunch ” as against 85 grams in 

“ Saloum ”. 

Wilting co-efficients were also worked out for red and black soils. 
They varied from 6’9 to 6*3 in the case of red soil and from 9-7 
to 10-3 in the case of black soil. 

Anatomical studies. — A detailed study of the anatomy of the 
different parts of the groundnut plant was made. The studies have 
shown that the groundnut plant is a mesophyte with xerophytic 
adaptations. But as in water plants normal root hairs are absent 
and their function is taken up by a mucilage tissue outside the 
cortex of the absoibing region. 

The origin of the lower epidermis of the leaf is different from 
that of the upper. The former is derived from the dermatogen 
while the latter is from the periblem of the leaf primordium. 

The structure of the developing peg (pod stalk) is essentially 
that of the stem which is always negatively geotropic. But the 
pegs exhibit positive geotropism and enter the soil. To explain 
this behaviour the hypothesis was advanced that it might be due 
to the presence of a large number of minute bodies (plastids) 
developed after fertilisation in the epidermal cells of the gynophore. 
Plastids were few in abnormal pegs that grew away from the soil. 
The shell of the developing pod was found to act as an organ for 
storing starch and oil in the early stages. 

Genetic characters.-— The inheritance of the following characters 
has been determined 

ChUMtor. Fk«toitat eoaitIMIaa. 

BmMdi habit TT. 

Spreading habit . . SjSt S^iSn tt, 

Ttailiag habit • • . . Si8t 8*8^ TT. 

BMBflhiag habit •• BB. 



KSkOlftg o:^ rafi DdPAIi'rM^Nt of AQBlOut'l'i:tB&, MADRAS ^3i 


OhMMiter. 

Ohlotophyll defloieney 

AbnomuUiiy 

Sctfly duration 
Sponely hairy . . 

Purple oolottr in the plant . . 
Gieea colour in the plant 
Bom colour of the tMta 
Bed colour of the testa . . 
Purple colour of Uie testa 
White colour ot the testa 
Crescent on the petal 


VaetorlsI oonititutioii. 
Sigi SsSs • 

hh.' 


R,Bi B^Ba. 

tiTi r^r,. 

Bi or B,. 
BdBd. 

PP. 


n r.rd P. 
CC. 


Linkage with 30 per cent crossing over has been observed between 
habit and branching. 


Correlation studies . — A positive and significant correlation 
between the ratio of the average length of the primaries (branches) 
to the height of the main axis and the weight of pods was found 
to exist in the groundnuts. 

Cytological investigations . — A detailed cytological study, parti- 
cularly of the somatic chromosome morphology of 15 groundnut 
varieties and forms exhibiting differences in morphological 
characters was made. The study involved a critical scrutiny of 
the morphology of individual chromosomes in the metaphase com- 
plement and a survey of the number of nucleoli organised at telo- 
phase and a careful examination of the number and morphology of 
the chromosome attached to the nucleolus at prophase. The 
meiutic behaviour of the i>ollen mother cells was also made. 
The study has shown almost conclusively that both the bunch and 
the spreading varieties have all had a common origin thus dis- 
approving the theory of dual or^in held by some other workers. 
It was also shown that Arachis nambyquarae and A. rasteiro now 
classified as species district from A. hypoga-a cannot be accorded 
such a status but can be considered at best as only sub-species or 
varieties of A. hypogeea. 

The causes for the appearance of abnormal plants in proge- 
nies of crosses involving a form called ’ corrientes ’ as one of the 
parents were also investigated. It was found that the second 
division is absent occasionally in the pollen mother cells in ‘ corri- 
entes.’ This phenomenon was prevalent to an extraordinary 
degree in the abnormal F t plants indicating the probable recessive 
nature of the factor for the absence of second division in the pollen 
mother cells. 

Conclusion . — Since 1930, research on the groundnut has been in 
progress at the Agricultural Besearch Institute, Coimbatore, and at 
the Agricultural Research Station, Tindivanam in the South Arcot 
district. The work is directed towards “ the collection and testing 
of large numlier of varieties and isolation of single, plants having 
various economic characters such as high yield, high oil content, 
high shelling outturn (kernel to pod ratio) and drought resistance. 
As a result improved strains have been evolved and these are 
becoming popular. Though the strains evolved at Tindivanam 
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have given more than 25 per cent increased yields over the local 
variety in ilie southern and central districts of the State they have 
not been found suitable for the black soil tracts of the Ceded 
districts or the Circars. The Follachi tract where the groundnut is 
cultivated earlier than in other areas require special types of dormant 
strains which have to be evolved specially for the iaract. 

Intensive breeding work to evolve types resistant to disease and 
drought, combining high yield of seed and oil have to be undertaken 
and the manorial requirements of the crop as also the important 
agronomic aspects of the crop have to be studied and detormined. 
More seed multiplication and distribution centres have to be started 
to speed up the seed distribution work and to cover the maximum 
area with the improved strains in as short a time as possible. 


Gingbllv. — {Sesamum indicum linn.) 

(Family — Pedaiuieeae; Tamil — Bttu; Teluga — Nwmilu; 

Hal^alam — SUu ; Kannada — YaUu ; Hindi — Til.) 

Production and importance.— 'The sesame or gingelly (Til) 
occupies roughly about four million acres in the Indian Union. The 
annual production is estimated at 4*2 lakhs of tons of seed. The 
Madras State has 17*7 per cent of the area and 20*7 per cent of the 
production. This is second to Uttar Pradesh which has 33*6 per 
cent of area and 31*6 per cent of production. 

The normal production in Madras is estimated at 80,000 tons 
of seed. The Circars comprising the districts of Visakhapatnam, 
East and West Godavari, Krishna and Guntur is the most import- 
ant area for gingelly accounting for as much as 60 per cent of the 
acreage in the State. The district of . Visakhapatnam {done ha^ 
over a 1*3 lakhs of acres of gingelly. 

A perusal of the figures for the area under the crop in the State 
during the past 14 years shows considerable variation from year to 
year, the trend being definitely downward. The area and produc- 
tion of gingeUy seeds in Madras during the last 14 years ending 
1948-49 were as follows : — 
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roe area noder giogelly which ranged from 7*5 to 8-5 lakhg of 
acres in the pre-war period, fell to six lakhs of acres by 1944-45 
and is now of the order of 6-5 lakhs of acres. This is not surprising 
in view of the fact that out of 6-5 lakhs of acres in the State, one 
lakh of acres alone is raised under irrigated conditions, guaranteeing 
a sure crop. The remaining area is sown under unirrigated con- 
ditions and the area sown therefore varies depending considerably 
on the receipt of rains at the sowing time. Due to unfavourable 
seasonal conditions for a series of years the crop might have been 
given up in some tracts in favour of surer crops. 

Export and import . — (Jingellj is the source of much valued oil 
and cake. The oil is very widely used for edible and domestic 
purposes while the oil-cake is a prized cattle-food. The seed is also 
used in household preparations. 

The entire production in India is consumed in the country itself, 
only very negligible quantities being exported. That an overseas 
market can be created for the commodity is beyond doubt. In fact, 
prior to World War 1, India was exporting gingelly seeds to the 
tune of about one lakh of tons. Since the internal consumption 
has increased much, without any corresponding increase in produc- 
tion, the export has now practically ceased. 

Gingelly seed is in short supply in Madras State and therefore 
large quantities amounting to 20,000 tons are usually imported 
from Orissa, Hyderabad and Uttar Pradesh every year. 

Scope for development . — There is scope of increasing the area 
by 75 per cent if the conditions are favourable. The Panel on Oils 
and Soaps has recommended an increased production of 600,000 
tons per annum, out of which 500,000 tons will be for oil extrac- 
tion. Improved strains giving about 20 to 25 per cent increased 
yield over the local varieties have been evolved in the c.il-8«»eds sec- 
tion of the Madras Department of Agriculture. If these were to 
replace the local varieties, the present production can be substan- 
tially increased. Since gingelly is a season and tract bound crop, 
snitable strains for different tracts have to be evolved at separate 
Ilegional Pesearch Stations which have to be established. 

Cultivation in general . — Resamum is raised during three different 
seasons in the year in different localities. It is grown under rain- 
fed conditions from June to October and again from November to 
January in certain tracts. As an irrigated crop it is raised from 
March to July. 

Under irrigation it is mostly raised as a pure crop during the 
BBOuner season, while the rain-fed crop is usually sown mixed with 
etliar crops. In parts of Visadihapatnam and Tirunelveli, it is sown 
h) wet lands, after the harvest oDrice. 

VarUftal intfoductione and trials. — The varieties of sesamua 
cnliivated in difl^nt parts of the State vary in their duration and 
ht the colottr of seed. It is also found that a variety grown in a 
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particular tract or a particular Bcaaou is not generally suitable feat 
other tracts or seasons except in rare cases. 

A collection of a number of varieties from different parts of the 
World was gruwii at Tindivanani both during summer and cold 
weather to judge their suitability to these seasons. As a result of 
this study, the varieties were grouped into hot weather and cold 
weatlier varieties. At present 105 ‘ varieties ’ suited for summer 
Cropping and 20 ‘ varieties ’ suited for cold weather cropping are 
maintained. Out of these, pure line cultures showing distinct 
characters have* been isolated and are being maintained pure 'to 
serve as basic material for breeding work. 

Evolulion of strains by selection — TMV 1 (S. 1.89) .—This is 
a mass selection from ‘ Palni ’ variety. The plants are fairly bushy 
with moderate branching. Capsules are medium sized, one in an axil 
four ioculed and closely set on the stem. Seeds are medium sized 
and vary in colour from red brown to black. It has given very good 
yields in the district trials conducted in South Arcot, North Arcot, 
Tanjore, Tiruchirappalli , Nellore, Coimbatore and Malabar. The 
maximum yield recorded {ler acre was about 950 lb. 

Season : can be grown as a rain-fed or an irrigated crop. 

Duration: 85 days. 

Average acre yield : 500 lb. as an irrigated crop ; 200 lb. 
under rain-fed conditions. 

I’ercentage increase on local : 33. 

Wtdglit of 1 MM of seeds: 2 lb., Ilf oz. 

Oil content : 50 per cent 

By hybridization — TMV 2 (Cross Oi. — This is a selection 
from a cross between “ Nagpur white " and “ Sattur ”. It is 
moat suitable for cold weatlier cropping in December to March. 
Plants have moderate branching, capsules big sized, one in an 
axil, six to eight Ioculed with moderate setting ; seeds are large and 
of dull white colour. The strain combines early duration, high oil 
content, lighter colour of seeds. It has the additional advantage 
of partial splitting of capsules which prevents shattering of seeds at 
maturity. 

Average aei e yield : 375 lb. under rain-fed conditions (coM 
weather) : 

Percentage increase over local : 86. 

Duration : 80 days. 

Weight of 1 MM of seeds : 2 lb., 10 oz. 

Oil content: 62 per cent. 

TMV 3 (Cross 38). — This is another high yielding strain 
eVolved by cross-breeding between the local gingelly of Tin^vanam 
and the Malabar wild gingelly. It is snitable for growing as an 
irrigated crop in summer and has given about 60 per cent increase 
ip .yield over the local variety. It is more resistant to will and! 
ahoot^webber attack than the local. The resistant nature has 
UrobaUy been inherited from the wild parenjli^ It contains 
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t#o ^ cent more oil than the local variety and is also earlier in 
duration. 

Average yield per acre (irrigated) : 650 lb. 

Percentage increase over local : 53. 

.Duration : 80 days. 

Weight of 1 MM of seeds ; 2 lb. 11 oz. 

Oil content : 52 per cent. 

Further hybridization work. — Gmgelly being a season bound 
crop, a number of ‘ varietieb ’ have been crossed to evolve cosmo- 
politan types. The progenies of these crosses are under study. A 
number of inter-specific cro.sses between Semmum orientale and 
S. prostratum were attempted; the hybrid of tlie cross was found to 
be completely sterile. Attempts to induce fertility by the duplica- 
tion of chromosomes liy colchicine treatment did not prove quite 
successful. 

Agronomic trials — Economic spacing. — Spacing has been 
observed to infiuence markedly the development of the gingelly 
plant. To determine the economic spacing to be adopted for the 
gingelly crop grown under ram-fed conditions during cold weather 
and under irrigation during summer, trials were started from 1948 
winter and summer with five spacings, namely, 6 inches by 6 inches, 
9 inches by 9 inches, 1 foot by 1 foot, 1| feet by IJ feet and 2 feet 
by 2 feet. Wider spacing reduced plant height and increased 
branchiirg, flower production, capsule size and capsule number, but 
prolonged the duration. Siracings 9 inches by 9 inches for winter 
crop and 1 foot by 1 foot for summer crop have given maximum 
yield per unit area in the respective seasons. 

SUtage of gingelly seeds and deterioration. — The deterioration 
of three types of gingelly seeds (well dried), viz., white, red, browm 
and black was studied for about a year. There was only slight 
deterioration on storage. It was comparatively low in the white 
gingelly seeds. Provided sufficient precautions are taken against 
insect pests, well dried gingelly seeds can be stored for a fairly 
long time without much deterim-ation. 

Part played by research stations. — ^Research on sesamum also 
is being done at the Groundnut Research Station, Tindivanam. 
Three strains were evolved of which one TMV 1 is a selection and 
the other two TMV 2 and TMV 3 are derived from artificial crosses. 
These strains have given about 20 to 30 per cent increased yield 
over the local ‘ varieties ’ in the southern and central districts 
where they have been tried. Trials with different spacings and 
storage of seeds have been carried out. Results of considerable 
practical importance to the ryots have been obtained and passed on 
for adoption. 

FundamenUd work.—il) Flowering and fruiting studies . — The 
strm^are and anthesis tsere studied in all the t3rpical ' varie- 
ties * as a preliminaty to cross-breeding work and efficient technique 
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for aelfiog and croBsing lia$ been ovolrdd. Flowwwg in gingeJly 
is seen to start a month after sowing and the capsules talte ^ lie 
40 days to attain maturity. 

(2) Study of oil formation in gingtliy. — ^Tbe eooise of ml 
formation in gingelly was studied to determine the optimum stage 
at which the capsules would becmne ready for harvest. It was 
found that oil formation starts from about ten days after the open- 
ing of dowers and increases to the maximum in about 30 days, i.e., 
about a fortnight prior to the complete d^ing up of the capsules. 
There is also reduction in the free fatty acids and moisture contents 
of the seeds as the oil develops and reaches the maximum. Seeds 
from capsules at this stage of development are also found to rive 
normal germination. Gingelly could, therefore, be harvested vmen 
the plant shows first signs of yellowing without the necessity to 
wait till the capsules are dead ripe. Such harvest will prevent loss 
due to shattering of seeds of the produce. 

(3) Oil oontent of ‘ varieties ’ and cultures. — Studies on the 
oil content show'ed that ‘ varieties ’ from Palestine, Burma and 
certain other countries which are reputed for high oil content turned 
out to be only as good as the local * varieties A wild gingelly 
variety from Malabar was found to contain only about 32 pa* cent 
of oil. In a cross in which this was used as a parent, because of 
its certain other desirable characters it po-ssessed, special care had 
to be taken at every stage to see that the ultimate selection did not 
inherit the character of low oil content of the wild gingelly parent. 
In gingelly the average oil content was found to be about 50 per 
cent by chemical extraction. Strains TMV 2 and TMV 8 now 
being distributed jxsssess about 2 per cent more oil than the loeal 
‘ varieties 

(4) Deterioration of gingelly oil in storage. — When stored in 
tins, gingelly oil retained its cx)lour and flavour for a period ot about 
six months. Later on it got lighter in colour and began to sirndt 
rancid. The trend of deterioration was almost the same in tile otis 
from white, black and red gingelly seeds. 

(.5) The effect of adding water or jaggery on the e/rtraeiion of 
oU. — ^While crusliing gingelly seed in wooden chekkus and rotary 
nulls, it is a usual practice to add some binding substance like 
jaggery, gum araWc, water, etc. The necessity for the hindeni 
ai^ the deterioration of oil expressed by the addition of tbeee 
were studied- It was found that in the absence of jaggery sod 
waiter, the oil did not separate and flow freely. The folbwing 
percentages of extraetion were obtained:— 

m CRW. 

Jaggery rimie 48*8 

Water alone 88.g 

Jaggery and waiter 42-2 

ft was demonstrated ooneiusfVfdy that tiie sdditien of Mull 
Midsn was Beoessary to get fatisfsetory extraoljofi. 
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The progresB ->£ deterioration of the oil c4)tained by the three 
inethode was investigated. It was seen that deterioration was 
vei^ juarked in the oil obtained by the addition of water alone 
•lOd was lea^ in the oil obtained by the addition of jaggery alone. 
Bancid smell developed much quicker in the oil extracted with 
water alone than in the other two. Another interesting observa- 
tion made was that where water was added the oil turned distinctly 
deeper in tint as the period of storage progressed. 

(6) Inheritance studies . — The factorial constitution of a 
number of characters in giugelly was determined from inheritance 
atudiea carried out on the crop. They are summarised as 


follows : — 

Purple corolla CC 

Purple pigment on the anthers . . CC PP 

Colour at the base of the style Cs Cs 

fioUtary flowen in the axil SS 

Poor loeuled nature of capsules . . LL 

Bushy habit BB 

Black seed coat colour . . . . . . B1 B1 


(7) Cytological studies.- -Chromosome numbers of gingell^y 
varieties were determined and found to be n = 13 and 2ns: 26. 
The chromosome numbers of a gingelly variety growing wild in 
parts of Travanoore, Malabar and South Kanara and which exhi- 
bited character* different from the ordinary cultivated gingelly 
varieties were also determined and found to be the same as those 
of the cultivated gingelly varieties. The chromosome numbers of 
the species 5. radiatum obtained from Africa for breeding purposes 
were determined for the first time as 2n=64. 

Conclusion . — The work so far done in gingelly. like that on 
groundnut, was done at the Agricultural Research Station, Tindi- 
vanam. Three improved strains with 20 to 80 per cent increased 
yields have been evolved. Though these strains are doing well in 
aouthem and central districts, they are not suited to north-eastern 
^batnets of the State, viz., Visakhapatnam, East and West Goda- 
vari and other places where conditions are different from those 
prevailing at Tindivanam. Except spacing experiments, no agro- 
immio work on the aspects such as manuring, rotation, mixed crop- 
pkig, ele., has been attempted. There is scope for more work 
both on economic and fundamental aspects of this crop. Nucleus 
seed nultiplioation centres have to lie organiaed for quick spread of 
the iipproved strains. 

CUSTOB (Bidnue nommunis) FamUy — Euphorbiaeeae. 

f tema Amm^ U m ? IWura— .^fNadalu ; MUayalRm— if rnKmoMu : 

B s a nad a — goesle; HiwU— 

Production and importance.— The castor crop in Madras occupies 
•» area o# about 9*6 lakhs of acres. This is 18 per cent of the 
ana wdar eastor m the Indian Union. Hyderabad oceopies 
th# fonasMMd jdaee with 64 per cent of the area and 48 par 
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cent of the production in the Indian Unkm. The average *nniia| 
production in Madras is about 20,000 tons and tius forms It'piBir 
cent of the total production in the Indian Unicm. The important 
districts where castor h cultivated are Anantapur, Nelloare, Ewno(d, 
Oiinlur, Bellary and Salem. 

In recent years there has been a gradual decline in the area 
under castor. The area fluctuates in relation to demand, price and 
seasonal conditions. The crop is generally grown in iniferior land 
not fit for other valuable fo^ or commercial (urops. The ryots 
also do not like to raise castor in large areas as it remains in^the 
field for seven or eight months and is liable to complete destructiofi 
by the semilooper caterpillar pest. 

Exports and imports — 




Bxpoitfl of oMtor teed In 
000^. 

Imnortg by 
tinflroia 

Year. 


By flea lo 
foreign 
ooimtrloB. 

1 

By Mil to 
other 
StltM. 

other 

mvlncM 

mtonv. 

Average for 1937-88 to 1941-42 • • 

!5'1 

0*6 

*6-4 

1942-43 


9*8 

6*0 

3*6 

1948-44 

• e « • 

4*0 

3*8 

6^2 

1944-45 

• • * • 

0*8 

2*9 

1*7 

194r-.46 

• • e • 

2*1 

4*0 

1*3 

1946-47 

• • 

0*7 

3*3 

47 

1947-48 

• • « • 

, ♦ 

3*6 

2*5 


In pre-war years about 50 per cent of the production used to 
be exported. Of late, Brazil has become a serious competitor 
with India in International trade. 

Scope for development.. — It is possible to increase the produc- 
tion of castor seeds in this State by the popularization of improved 
strains, evolved by the department. These give 20 to 26 per cent 
increased yield over the local varieties and have done well in smoe 
of the important castor-growing districts of the State. As the 
castor crop is only of secondary importance to ryots, it is not likely 
that they will devote any larger area to the crop. But the yield 
from the existing area can be increased if cheap and elective 
control measures against the most destructive pests of castor, vik., 
castor semilooper are found out. 

Environmental factors and their infiuenee on eulUoation . — 
The castor crop is generally cultivated under rainfed conditions 
from June to Februa^ in the dry lands. It is also raised as a 
garden crop under irri^tion, thei% being no purticular season 
sowing the crop. Trials at the different stations in the JSTilgiris 
have given valuable information about the influence of ele'ration, 
temperature and season on castor cultivatum. 

Trials in Nilgiris.— With a view to stimulating castor 
vation in the Nilgiris, seven hi^h-yidding castmr strains Molaied 
annua! types <rf the pbuns and from four pnemcdllil^M 




Plate 33, — Strains of Castor. A — TMV.X. 


P. 24:! 
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collected from Nanjanad. Cooncor, Gadalur of the Nilgiris, and 
Anamalais were tried at the Agricultural Besearch Station, Nanja* 
nad, Botanical Gardens, Ootacamnnd and Fomological Stations, 
Goonoor and Kallar for a comparative study. These were sown 
in two Reasons, viz., March-April and September-October in 
conformity with the two normal sowing times in the Nilgiris. The 
following general conclusions were drawn from these trials : — 

(1) Of the two seasons, September-October is not suited for 
the sowing of either the annual or tlie perennial varieties of 
castor on the Nilgiris. At higher elevations the intense cold and 
the intermittent froets of the winter months, and in the lower 
heights the absence of sufficient rains during the period of growth 
are the causes contributing to the failure of the crop during the 
season. 

(2) The sowing in March-April commencing with the receipt 
of the first rains seems best suited for the castor crop. Early 
sowing is very necessary to enable the plants to establish them- 
selves before the heavy monsoon rains set in. 

(3) The annual varieties as well as the perennials can be 
raised successfully only up to an elevation of about 4,000 feet 
aboive sea level. The i>erennial types, however, grow fairly well 
under cultivation at elevations above 4.000 feet also. 

Varieties cultivated. — ^In the Madras State, both annual ’and 
perennial varieties are found ; but only the annual varieties are 
cultivated on a field scale. The perennial types are found wild in 
Nilgiris, Anamalais and Mitranpatty Hills. An extensive study of 
these varieties has shown that the perennial Nilgiri types are poor 
yielders and have a low oil content of about 48 per cent. The 
perennial Anamalai variety is a high yielder and has a high oil 
content of 56 per cent. 

Strains evolved by selection — Co 1. — This is the “ Anamalai 
perennial ”, a selection from the perennial varieties. It is a high 
yielder with very bold seeds (28 seeds for an oz.) and an oil content 
of 56 per cent. It does well both in plains and in high elevations 
op to even 7,000 feet. There is considerable demand for this strain 
from coffee and tea estate for growing as a shade crop. 

TMV 3. (R.C. 215). — ^This is a selection from' a South 
Arcot variety ; it gives an increased jueld of 27 per cent over the 
local. The capsules mature uniformly on the inflorescence. This 
is the best suited for sowing as a larder for garden land crops 
like sugarcane, turmeric, chillies, cotton, etc. 

Duration : Eight months when sown as a rainfed crop. 

Average yield : 7601b. 

IncreMed yield over local : 27 per cent. 

Kumber erf b^ms per lb. : 1,410. 

• Weight of one Madras measure of beans : 2 lb. 6| oz. 

Ofl ooz^ent : 65 per cent. 

1 (R.C. 69-8-1)— (Plate 33).— This 
n A ylddiag strun evolved frooi a cross between two inbred 
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tjrpes “ Namakkal irrigated ” and “ HoiE|>e4 Iti » foond to 
oombioe the length of the infloresoenoe of the fortoer tlae 
braiM^ng habit and loose setting of capsules ot the latt«r. 1| is 
statable for cultiTation as a rainfed crop. Trials have also shown 
that it is suited for Ceded districts where it has recorded even 80 
per cent increase in yield over the locid verify which is an e^^t 
monthe crop. 

Duration as rainfed crop : 6^ months. 

Average acre yield : 760 lb. 

Increased yield over local (average) : 17 per cent. 

Number of seeds per lb. : 1,880. 

Weight of 1 Madras measure of beaus : 2 lb. os. 

Oil content : 51 per cent. 

TMV 2 (iJ.C. 69-2-1-1).— (Plate 34). This is another 
strain evolved from the same cross between “ Namakkal irrigated ” 
and “ Hospet ”. It is medium in duration and is suited for 
cultivation as a rainfed crop. Capsules are non-dehiscent and can 
remain dry on the plant for several days after maturity withoati 
shedding the seeds. It is best suited for Salem district where H 
has given 28 per cent increased yield ov&t the local. 

* Duration as a rainfed crop : Seven months. 

Average acre yield : 776 lb. 

Increased yield over local : 21 per cent. 

Number of kernels per lb. : 1,560. 

Weight of one Madras measure of beans : 2 lb. 6 M. 

Oil content : 60 per cent. 

Other hybridization work. — Extensive hybridization work hag 
been taken on hand for the purpose of reducing the duration still 
further and also to impart distinct colours to the strains tor maj 
identification in cultivators' lands. A large number of progentei 
having the desirable combination of characters has been obtained 
and they are under different stages of trial. 

Agronomic trialt — Spacing trials. — Trials carried out to deter- 
mine the eccmomic spacing for a pure crop of castor of mediom 
duration have shown that three feet upping either way is the beift 
Closer spacings have been found to increase plant heio^t aira 
duration, delay flowering, and reduce branching, stem thjckiwg, 
length of infiorescence and number of capsules. 

HartetUng arid pieids . — An Mpwimenli was oonduoted to find 
out the effect on oil content, free fbttiy acids and fwtAination o{ 
castor seeds when fmit heads are harvested and svd>Beqa6ntly 
stored and dried by differtot methods wbieli are ebmilfoniy prao* 
tised the ryots, Harvest^ castor heads wh^ one or two 
capsules show^ signs of drying and them tor a week as ii 

{noised by the ryots of certain distrieti have been ^^«d.|Ea ha 
detrimental to the quality <tf Ote j^uce. 



Plate .*J4 . — Strains of Co-^'tor, fJ — TM I . 1*, 


l\ 2 





VUite 35. — Strains of Castor C — T.M.V, :J, 
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bave shown that oil content gets reduced by two to three per cent 
and free fatty acids increase considerably by heaping and allow- 
ing the capsules to ferment. The best practice is to harvest fully 
mature heads and dry them immediately after harvest. 

The local varieties of castor give on an average about 600 lb. 
of seeds under rainfed conditions. The improved strains give 
higher yields ranging from 17 to 28 per cent over the local. In 
TMV 1, even 80 per cent increased yield over the local has been 
c^tained in the trials at Ceded districts. TMV 2, has given an 
Rcre yield of 1,000 lb. under favourable conditions. 

Storage studies . — Periodical estimation of oil and free fatty 
acids of castor seeds stored in gunny bags under ordinary condi- 
tions, showed that the seeds remained without any marked 
deterioration for over three years. They also remained free from 
any insect attack. 

Part played by Research Stations . — ^Research work on castor 
was done at the Agricultural Research Station, Tindivanam along 
with work on groundnut and sesamum. The work was directed 
towards the evolution of strains combining high yield, high oil 
content and short duration, both by selection and by breeding. 
Improved strains as TMV 1, TMV 2, and TMV 3, (Plate 35) have 
been evolved. At Coimbatore from among the perennial types, 
“ Anamalai perennial ” a strain CO 1 has been selected for its 
heavy yields and high oil content. 

Spacing trials to fix up the optimum spacing, and harvesting 
trials to find the best method of harvest have been carried out, as 
already stated. The other items of research work done on the 
crop are the following : — 

Fundamental work — (1) Root studies . — With the object of 
tracing the root development in castor, three types representing 
short, medium and long durations strains were studied for their 
root development. The study has revealed that the castor plant 
has a well-developed root system going to a depth of six feet and 
more and has numerous long primaries and secondaries occupying 
the region just below the ground level intertwining and forming a 
thick matting. There seems to be direct relationship between 
duration and root development. High rate of development takes 
place earlier in the short duration type, while in the medium and 
long duration types, this phase of development occurs later. The 
long duration types have longer primary laterals and greater pene- 
tra^n into the soil. 

(2) Growth studies . — The study of development in growth 
in castor plants was made with types having varying characters. 
The observations showed that castor plants grow rapidly in height 
and thickness, until the appearance of the main inflorescence and 
the late of development is then slowed and comes almost to a stand 
still wi& the- ripening of the capsules on the terminal inflorescence. 
Further growth is observed only in the branches which in their 
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tnrn cease to grow when the capsules on the infierescence teismuit- 
ing them become mature. With the cessation of the prodoctUm 
I^se^ further growth ceases and actually a oertaki amount of 
shrinkage in the thickness of the stem takes {dace. This kind of 
development is common to all types of castor but only the periods 
of the different phases of development vary according to duration. 
The height and thickness of the lung duration types increase even 
a fortnight or a month after the short duration types cease to show 
this increase. Similar delay is observed in the productmn of fruit 
clusters. The total number of nodes up to the first inflorescence 
is definitely large in the medium and long duration types, thus 
showing that the character is a clear indicaUon of the duration. 
The interval between the ripening of the capsules rm the main 
inflorescence and those of the branches is comparatively more in 
the longer duration types. 

(3) Defoliation studies . — Castor leaves are used for eri silks 
worm feeding. To determine the effect of defoliation on the 
economic characters of the castor plant and to fix np optimum 
interval of defoliation that would least affect the plant, a stndy was 
carried out. Defoliation decreases plan height and stem thickness, 
reduces branching and length of inflorescence, delays flowering end 
brings down the duration. As a result, the yield from the plant 
IB considerably affected. The yield is reduced by 51 per cent in 
the case of the short duration type and about 74 per cent in the 
case of the long duration type. Fortnightly defoliation of plants 
showed 77 per cent reduction in yield while monthly defoliated 
plants showed 46 per cent reduction in yield. In the latter case 
the. oomber of leaves removed was less but the wdght leaves 
wae more. From these results, defoliating castor plants for eri rilk 
worm feeding at monthly intervals seems to be dearable. 

(4) Capsule dehiscence . — In castor, three types of capsules 
based on their behaviour at maturity are met with, viz., mm- 
dehiscent, dehiscent and proper types. In Uie non-debisceut 
form, the locales separate with dilficuUy and mure labour is re- 
qtaured in shelling. In the dehiscent form the ktcules separate 
easily but the seeds are not shed. In the popper type, the capsules 
bmrst with force at maturity and the seeds are tlirown out to a 
conoiderable distance. This is a very undesirable character aa 
cmiaiderable loss of produce occurs m this type. 

The caose of this differential bebavioar was etoidated by 
anatonneal studies. It was found to be doe to the difference in the 
general make-up of the interlining tbaue of tba capsule. In the 
popper type this tissue consists of large hollow celb wbidi 
on drying and the stress developed cleave the loculee apart with 
such force that the seeds are thrown ont. In the- other two tjrpes, 
the particular tissue is mnoh less, developed. 

'(5) Stadf of oil formation m castor.— The sEud^ si oil 
liBEmation in castor ahow^ that the depositien eff oil is fairly rai^ 
in the early stipes. In three wei^, &e seeda contained ab^ 
36 per cent of whidi toae to 48 pec eeni by the suriih. 
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The deposition of oil is continued but less vigorously. As the dry 
weight of the seed increased, the percentage of oil showed a slight 

faU. 

(6) Study of the oil content of castor varieties and cul- 
tures . — ^All the varieties and cultures at the ditferent stages of yield 
trials were regularly assessed for the oil and free fatty acid contents. 
Though the percentage of oil ranged to aljout 50 by chemical 
extraction, it was found to be influence<l considerably from year to 
year due to climatic conditions. Two strains wIucIj have been 
released from this section, viz., TMY 3 and CO 1, are found to 
record about fom’ to five per cent more oil than the other varieties. 

(7) Maintenance of inbred types . — As a high percentage of 
cross fertilization (fi-14 per cent) occurs in nature in this crop, it 
was found extremely difficult to maintain the varieties in a pure 
state except by artificial means. To ensure self-fertilization, the 
inflorescences are covered with close-meshed clolh bags before the 
flower buds begin to open. The cloth bag.s are removed when a 
fairly large number of capsules have resulted from the self-fertili- 
zation. The selfed seeds are used for further propagation. By 
the process of inbreeding, 140 pure types exhibiting all the available 
variations in the original collection of varieties were isolated and 
are being maintained from year to year to serve as basic material 
tor selection and breeding work on the crop. 

(8) Maintenance of vigour and purity of strains . — In castor 
where the percentage of cross-pollination is fairly high in nature, 
it is a very difficult problem to obtain large quantity of pure inbred 
seeds by selfing the mflore.scences, as the vigour of the strains goes 
down in course of time due to inbreeding. With the d>jeet 
maintaining the vigour and purity of the strains, the following 
technique has been followed and has been found U> work satisfac- 
torily. The three strains are grown in isolated hhxiks far removed 
from each other. In each of them, the most outstanding plants . 
are selected. The selections from each strain are compared s^ara- 
tely in progeny-wise trials in isolated blocks. The yield data are 
analysed. The produce of those selections which give more than 
the general mean are pooled together for being used for further 
multiplication while the rest are rejected. This process of selec- 
tion and testing of outstanding types of plants is continued so that 
the mean value of each strain is always maintained hy the elimina- 
tion of undesirable progenies every time. 

(9) Anatomical studies — Stem structure of annual ind 
perennial varieties of castor . — Though various workers have made 
mention of the existence of perennial types of castor as distinct 
from annual types, no reference is found made regarding theii 
features which would enable the one to be distinguished from the 
other. In most of the morphological characters such as stem, 
cdour, nature of inflorescence, shape and size of leaf, nature of 
eapsidea, aiae and diape of beans, etc. , they resemble one anothw. 

Ani^mteal studies of the stem of the seedling of annual 
and perennial types revealed tiiat the structure of the stem of the 
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perennial type differs from that of the annual cultivated varieties 
and affords an easy means of distinguishing one from the other. 
The annual varieties have the characteristic herbaceous stem with 
Umited secondary growth while the stem of the perennial castor 
has a more or less continuous cylinder of primary xylem ensheathed 
by an unbroken cylinder of secondary xylem which is added on 
indefinitely; In the young stem of the same age of the cultivated 
castor, the vascular tissues are arranged in the fonn of discrete or 
discontinuous bundles in a cylinder. The stem of the cultivated 
type develops to a definite girth when further growth ceases. 

(10) Cytological- studies . — The chromosome numbers of 
annual types and perennials which exhibit distinct anatomical 
features were determined. The chromosome numbers were found 
to be the same in both, viz., 2n=20. 

Conclusion . — Three improved annual strains and one perennial 
strain have been evolved by the Oil seeds section. The improved 
annual strains complete their life in seven or eight months, while 
the local takes nine months. Their yield and oil content are also 
higher than the local. The district trials have conclusively proved 
that TMV 1 is suited to Anantapur district and TMV 2, to Salem. 
These strains have given about 20 per cent increased yield over the 
local ‘ varieties But no organized multiplication and distribution 
of seeds of these strains have been attempted. The problems that 
are yet to be tackled are the following : (1) Evolution of short dura- 
tion, high yielding strains with high oil content and having 
desirable characters as drought resistance, non-dehiscent capsules, 
uniform maturity, smooth capsules and resistance to semi-looper 
and shoot-borer attack, and (2) determination of optimum, cultural 
and manurial practices to obtain the maximum yields. 

Other oil-seed crops of minor importance to the Stale. — Niger, 
safSower, mustard and linseed are considered as minor oil seeds in 
Madras. These occupy a total area of 64,000 acres. Separate 
statistics of area are not available for each of the crops except in 
linseed and mustard which are estimated to occupy about 3,300 
acres and 1,900 acres respectively. Mustard is cultivated mostly 
in the districts of Salem, Visakhapatnam , Coimbatore and Nilgiris. 
Linseed is mostly confined to Visakhapatnam, Bellary, Cuddapah, 
Salem and Anantapur districts, saffiower to the Ceded districts and 
Niger to the Central and northern districts. Besearch work on 
these crops has not yet been taken up in Madras, but an attempt 
has, however, been made to collect some varieties from the im- 
portant districts and study their relative performance at Coimbatore. 

Safflower (Cartbamus tinctorius). — Safflower is grown exten- 
‘sively in Bellary district and to a lesser extent in Anantapur and 
Eumool districts. It is little known outside the Ceded distrids 
and is chiefly grovm on the black soils in the late season in October 
and November. It is grown os a mixture with coriander, sorghum 
or wheal. As a pure crop it is sown only on the borders of fl^ds 
where its spiny bracts serve as a protection against trespass. 
seeds yield a straw coloured sweet oil, used for culinary purposli^ 
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Work done on the crop — Isolation of improved strains. — At the 
Agricaltaral Besearch Station, Hagari in Bellary district, hve high 
yielding cultures have been isolated. The seeds of these are being 
multiplied on a small scale for distribution in the Bellary district. 
Of these, .culture CT 11, is a non-spiny type. 

Oenetical studies. — There are two distinct types of plants, the 
spiny and the spineless. The density of bloom also varies on the 
bracts. The florets show a diversity of colours as white, yellow, 
red and orange. Inheritance of some of these im^xirtant characters 
was also studied. It was found that " Spiny ’’ nature of the 
involucal bracts was a simple dominant over “ non-spiny 
“ Heavy bloom ” on the bracts differed from its allelomorph, “ the 
sparse bloom ” by a single factor. 

Thbre was linkage between the two sets of allelomorphs — 
spiny, spineless and heavy bloom and sparse bloom. 

Tl^jP four colours of the florets, viz., white, yellow, red and 
orange were controlled by three factors, highly complementary to 
each other. It has been established by a study of natural crosses 
and artificial crosses that a basic factor “ y ” produces the yellow 
colour and that a supplementary factor “ K produces red colour 
in the presence of “ Y ”. A third factor “ O ” in conjunction 
with “ R ” produces the orange colour which in turn depends on 
the presence of factor “ Y ” the basic colour factor, for its mani- 
festation. The inheritance of these flower colours was found to be 
independent of the characters like the nature of bracts, etc. The 
chromosome number in safflower was determined to be 2nsc24 


On. Bearing Trees. 

Oil Palm (Elseis guineensis). 

To sfudy the possibility of introducing the West African Oil 
Palm in South India, seeds of the palm were obtained 18 years ago 
and planted in three different soil types, \nz., coastal sand, deep 
laterite and sandy loam on the coconut Research Station on the 
West' Coast. The palms were studied for growth, yield and other 
characters. 

Though the palms commenced to flower in about three years 
after planting, the yield has not been satisfactory, especially, in 
the case of trees growing in coastal sand. The maximum yield 
recorded for a tree in any one year has been 4,000 nuts weighing 
about 601b., the average being about 1,250 nuts weighing about 
20 lb. A preliminary study of the palm fruits gave the following 
data : — 


m owm. pm osmt. 

Kerael to whole nut . . 14 Oil in kernel . . 45 

Bade . . . . , . 32 Oil in husk . . . . 73 
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Tung oil tree (Aiaorites spp). — ^Th« tmg oil tiee« Iroils of 
wbkh yield the toog oil, the well-known wyin^ oil of ootaamoe, 
is bang experimentally raiaed at a few pla^ io Seotb Indio. 
Twenty fruits were obtained £rmn snob oentrw and wtere, enalyaed 
for physical characters and the pooentege of oil. Bo^ from the 
percentage of oil in the kernels and general development, the fruits 
from Tirunelveli district appeared better than the others, as can be 
seen from the following data : — 


• 

TrawMMert 

DtrMlai 

laiifiplfti 

Ticwhfill 

Avwago weight of f niii (gtAinme^ • • 

at 
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(by w«giit of matm to the 
fruit) •• .. .. 

il-9 

##*0 

44*0 

Percentage of kernel in the nut • • 


#»*0 

#2*a 

Percentage of oil in the kernel (on 
moiitiire-fiiee b*Bid| 

#10 

##i) 



The Government Lecturing and Systematic Botanist is oondoot- 
mg trials in introducing the tung oil trees in Kallar, Burliar and 
Coonoor in Nilgiris, in Wynaad and at Araku Valley. A few 
plants of A . fordii grown in the Sim’s Park, Coonoor, have begun 
fruiting and seem to fare well at an elevation of about 6,000 feet. 

Oils for burning in lamps. — ^At the instanoe oi tlie Govommenl, 
an extensive enquiry was made into the seope and avaitid>ility of 
the different vegetable seeds fmr extracting oil for burning in 
lamps. Samples of seeds of the mcsre important ernes, via. , Pungam 
(Pongamia glabra), Pinnai (Calophylium inopkyUum) tobacco 
seeds, neem (Azadiraehta mdiea) Illupai (Basma ^pp) and Marotti 
(Hydrocarpus wightiana) -were collect^ from the different parts of 
the State and their oil contents determined. The oils were also 
tested for their suitability for burning in lamps like Magan deepa, 
Kama deepa, etc., designed to use vegetable oils from the point of 
smokiness, smell, light intensity, burning time, etc. iSorae of the 
less viscous oils were found quite suitable for the purpose. The 
survey showed that Madras State possesses a potential siipjdy of 
15,200 tons of vegetable oils from thiis source akme, if o^y tlie 
oeediB ooold be gathered and crashed regolmify. 
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OHAFTjBR 1 . 

THK COCONUT <C'0C'05 NUCIFJHUA, JjOin). 

Af^ produetkm ud atUisatiui— variollei—dMl 

ficneral euitlvatioii ptactieet— Co«oniit B«March— MoqAolafr 
and auioniy, eytologieal and g«iiatie itiidies— Faaim allMttic 
. yield— Agronomic and nuumilng experimentft--(^p iniiprove- 
ment— Nnnwiee— IntrodneOon of varieties- Hyluidization— 
Atndies on Coooniit pradnetc, copra, ofl cake, coir— Xan^ 
and Jaggeiy mak&ig— Bcacar^ Stationi for Coeonnt. 

.(Loo*! ii«mea : — Tkengui ; Tmkapu j Kuaaa4^—2kmfui 

MaiayAUia — HaUSanmi HumK— 

tiUfoduction. — ^I’he eocooBt ie one of tiie moat importeni oH- 
■eed cropri of (be tropicc. Every part of (he tree is utiiized in one 
way or other in our national ai^ doiuei^ic economy. The raw 
nut and edible ct^rra are mtporlaBt articles of food and indispen- 
sable items of divtae oblation and religiouB fnnetions. Oil obtained 
from the copra is utilized in cooking, and indtistriaAy for the 
mamifaetare of vegeitable ghee, sua]>s and toilet articles. The cake 
is extensively used as a cattle food on the west coast. The water 
or milk of the tender nut is a refreshing drink during the hot days. 
The husk gives coir fibre out of which a \ ariety of product# such m 
yarn, mats, brushes, etc., are manufactured. Tbe sbdl is burnt 
and often oouverted into charcoai, which is in deuuuid for tbv 
manufacture of gas maelu. Spoons and ladles are made «■( of the 
shell Mid also decorative arttcles by skilful craftsmanship. Tbe 
trunk of (he palm is osefai as timbw and the leaves are used in 
thatching roofs, making baskets, mats, brooms, etc. The sweet 
juice obtained by topping unopened spatiie (flower bunch) ia 
an invigorating drink wh^ fresh or may be converted into jaggery 
(palm gur). The ap^e ineide the germinating nut, and the tender 
ODwn sore delicacies. 8oae of Mto parts of the palm are recog- 
niased to have esc^stionatl nutoitive ai^ medicina} properties. Tbe 
joioc from the kernel is a sabstitote for milk and contains vitamins 
A and B. Tbe kernel of the tender not is a diuretic and the tender 
nut water is useful itt bUkMie fever and urinaTy disorders. There 
am mavamKuMa other nsas to wlheii the various parts of the tree 
Uip Ml. Jt is «M» wosMier that the tree is called “ iCMipatrikaha *’ 
or “ WAa PmadAa 3We." (Plato mi 

Arm, prc^ucthn tmd utiliiatioH * — The area under the cocotuil 
in fbe Inffian fTnion is .iboat 1*5 million acres with an acmaal 
estitoktod nrodactiop of SilSOO milfion tiuta. The Madras State 
tlW Iwbxs of actm ao^ 1,500 mtifton imts accounts lor 41 ^ 
Sm aatbaM'Mnff 46 per oeat of tbe total prodnetion in low. 

trim 38*4 per cent of the acraage and 37 SI 
^ hm of #0 prodoclioa. In madras more than 85 pet cent of 
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the area is concentrated in the West Coast districts of Maiabar 
and South Kanara. The other two important districts for coconut 
cultivation are East (Todavari (66,000 acres) and I’anjore (36,000 
acres). A review of the acreage for the past 15 years shows a 
definite, though small, increase. Due to the prevalence of attrao* 
tive prices for the coconut and its products m recent years there 
has been a great fillip among the cultivators to plant fresh areas 
and also underplant old gardens. This is a heafthy sign, atid if 
these favourable oonditions continue the area under the (yocoilut is 
certain to minrease. (Plate 37). 

Prior to World War I, iiiheu the Indian oil ciushing imd soap 
industries had dot developed, India had a net CAporlable sorplns ot 
eopra and coconut oil, but sined* 1920 the position has reversed. 
India’s present production falls short of her requirements by alniut 
50 per cent. Out ot tlw estimated annual production of 3,300 
miLion nuts, 1,500 million nuts are concerted into copra and the 
rest used for edible and ceremonial purposes. Eighty per cent of 
the 220,000 tons of copra produced is used for crashing, yielding 
103,^)00 tons of oil. The present demand is estimated to be 
150,000 tons of oil. The panel on oils and soaps has estimated 
the requirements of oil m the next five years at 210,000 tone on 
the following baisis : — 

Domsad expeotwl 
FrMent demand. in the next five 
year*. 

xnva. lo-ts. 

Soap Industry . . . . . . 35,000 60,000 

Toilet and domestio use . . . . 45,000 60,000 

Edible purposes . . . . . . 66,000 80,000 

Other oases . . . . . . 6,000 10,000 

Total . . 152,000 210,000 

The present deficit is being met by imports Iruiu other countries 
at a cost of loughly ten cioies of rupees per year, In the next five 
years this deficit will be 102,000 tuns, i.e., of the same order as 
the present production. The question of imports of copra and. 
coconut oil from ioreign countries is likely to meet with difficulties. 
The only solution appears, therefore, to step up the production if 
the industries based on coconut o^l are nut to be starved and the 
internal prices are to be kept at reasonable level. 

The Kcojic for the development of the oixsonat industry has to 
be viewed both in its long, and short term aspects. UnlUce in 
annual crops, the production cannot be stepped up immediately 
^ increasing the acreage. A recent survey has shown that in 
Mhdras an overall increase m the acreage ot about 60 per cent i« 
pi^ble and as a long terra policy this has to be enoonWM^ 
Fjkrgd areas fit for rai^jng the cpcoiput are available in the 
of South Kanara and Jaalabdr districts especially in the kmef. 
i[lope8‘ arid ^ the fool of the hillg. !Kfarked expansion is -iImi’ 
I^B^ble in Tan^r^ and Eai$t di^vari and to a small mm 
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the other districts without encroaching on the area sown to food 
^arops. The immediate problem of stepping up production has to 
be tackled in the existing areas. Evidence in foreign countries 
and experiments conducted over a quarter of a centmy at the 
Goconut Besearcb Station in Madras have demonstrated beyond 
doubt that proper cultivation and manuring increase the yields 
considerably. Timely action to combat pests and diseases which 
do damage to the coconut is also necessary to ensure high yields. 
What is required is an appreciation of the situation and a plaimed 
exploitation of the internal resources to free the country’s depend- 
ence on foreign imports. 

Coconut cultivation. — A brief account of the cultural practices 
adopted by the ryots and the improvements advocated are given 
so that the value of the research work detailed in the later para- 
graphs can be appreciated. 

(o) Climate . — The coconut is successfully cultivated within 
2.S degrees on either side of the equator. The limit of altitude 
d^nds on the latitude and on the temperature, generally 2,000 
feet above sea level is the limit. Plantations at higher latitude 
and altitude are reported to be unproductive. The palm tolerates 
a wide range of humidity and temperature in India while elsewhere 
it is said to thrive well only in places having a fairly constant 
temperature. On the west coast where the main coconut area is 
located, the mpnthly mean of minimum temperature does not fall 
below 70* F and that of the maximuni rise above 92° F, while the 
relative humidity is also high ranging between 72 to 92 per cent. 
The annual rainfall in the important coconut growing regions 
ranges from 60" to l.'JO". Excellent coconut gardens are found 
in Phillippines frainfall 40") and in Mysore (rainfall 25") but this 
is because there is a plentiful supply of subsoil water. In the ppint 
of distribution of rainfall coconut areas in India suffer because. tWe 
are at least three months during the year when practically no rain 
is received. In Ceylon and Malaya rainfall is received during all 
the months of the year. Therefore the average vield of nuts in 
India is much below that obtained in Ceylon and Malaya. 

(b) Soil . — The best soil for the coconut is rich alluvium with 
a fair proportion of sand or coarser particles to ensure proper 
drainage. The largest area under the coconut on the west coast is 
located in the red laterite soils but these are deficient in phosphate, 
potash and lime. The coconut also thrives and yields well in black 
clayey soils. It is also snccessfully grown in pure sandy soils 
provided there is an assured tmder-irround supply of water aud fhe 
trees are adequately manured. Soils lacking in water holding 
capacity and suffering from excessive dr\meas or improper drainage 
are iinsuifable for coconut cultivation. The stem bleeding disease 
is common in tracts where the drainage is poor. Palms standing 
on himds of rice fields yield vety- well, Iwause under these condi- 
^Tii« mifficient aeration. of , the roots,, adequate supply of waler to 
ilte ptahts Bnd good amonnt of light to the leaves are assured. 



M2 wtMosM or 788 M WA ir M BBro Aomaemma, tu/auB 


Ic) Kofidttetf.— Tbr ^ikator rmogmsM »^eK»l rmd»im of tlte 
CK)QO 0 ut btwifl on tbo vuriatiiioiM in the ooloar, eba^pe and size of 
idle «»t» feUness of the crown, etc. Tbe variety largely oultivaied 
in India and the other eoconut glowing oonntriee is the tidl 
aa dietinet from tiie dwarf. tall variety ptdms are long Mved 
<80 years and more), hardy, and yield oi^, oil and fibre of good 
^naUty< They o(»ninenoe to bear in mght to ten years after 
ing when grown under unirrigated conditkHM. The dwarf varil^ 
palms are delicate and abort lived (30 years) and are mtnre e^ly 
suaoeptible to the attacks of peats and diseates than the' tall variety. 
They begin to yield in about four years after plaotiog but the nuts 
are small and the copra is of inferior quality. This variety is grown 
mainly . for earlinew and attractive colonr of the nut (deep green, 
y<^w (H* orange) in favoured loealitises. (Plate 88.) 

(d) Seed stdeetion. — The selection of seed material is of the 
greatest importance in the coconut, which Utbb for 80 years or 
more. Any neglect in this respect will adversely affect the planter 
for a coDsider^ie number of years and Ibe situation cannot be 
easily romedied as in annual crops. Tbe usual practice with the 
cocmiut cultivators is to obtain seednuts friun reputed seed centres 
and raise the nursery to purchase the seedlings from such 
centres. Ihe professional nursery man who is more concerned 
with his immediate profits, ia naturally averse to adhere to the 
rigid standards of selection. The ryot will discover the poor 
quality of tbe seedlings only when they come to bearing in eight 
or ten years by which time large amount of money and energy 
would have been spent. To prevent snch wastage and wsure the 
plmiting of guaranteed seedlings the State Government has opened 
nine coconut nurseries under a comprehensive cocmmt nursery 
scheme willi tbe assistance of the Indian Central Coconut Com- 
miitoe. These nurseries are located at Anakapalle (South Yisakha- 
patnam), Miarutoru (West Godavari), Samalkot (East Godavari), 
^ndivanam (South Arcot), Pattukkottai (Tanjore), Marudor 
(Tirochirappalli), Coimbatore, Pattambi (South Malabar) and 
Nileshn^r (South Eanara). At these nurseries a totid of 166,000 
selected seedUngs are produced every year for distribution. 

The process involved in the production of selected seedlings 
i.s a prolonged one. At first, parent trees which are healfihy, 
middle s^ed, high yielding, with thickest crowns, jN'odttCang 
medium siz^, nearly round shaped nuts are selected and 
after extensive survey of the gardens in the tract. Fully mature 
nufe frmn snch trees are carefully harvested during the months of 
February to May. Genwally the top and bottom nuts in a huiKdi 
are undersized and are rejected. Care must be taken to see that 
the nuts are not immature and there is sofilcient water inside Ihe 
m^. Seed nuts are not taken from alternate and irregulv beams 
and also from trees producing barren nuts. These nuts are broimlit 
to the nurserv site and preserved in saeid till tfiey are reqaired for 
mstttlng. an average not more than ten per cent of tlto 
In a plantation rome up to the required standard of a good 






Plate 38 [a].— High yielding coconut Oees. 
4 . Suitable for propagatioiu 


P. 263 





I'late 39. — Coconut Sursery iPattauibi) with 3 months old seedlings, P, 266 
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tMv and from eaefa such tree about 20 to 25 ideal seed irats can be 
expected in a eeaaon. The nursery area is located in a sandy plot 
or if this is not possible it is made up of sand to a depth of a foot. 
The seed nuts- are planted in the seed bed in a vertical position to 
a spacing of one foot either way, at the commencement of the 
■outhowest mcmsooo. This saves the expenses on heavy watering 
neqaired in the initial stages. The nursery is not manured as this 
wiU tpaslf the quality of inherently poor seedlings. Germinaj^on 
oomraenoes in t^ third month and crnitinues till the eighth month, 
llscttily 90 to 95 ptn* cant of the nuts germinate. The nursery is 
mnlci^. idmded and wahned on alternate days during the summer 
months. The final selection ai the seedlings is done when the 
seedlings are abmit a year old. Only seedlings which are healthy, 
vigmoiM, possessing large number of leaves, and good girth at the 
base, and show signs of splitting of leaves into leaflets are selected. 
In such a rigid selection only about 60 seedlings can be obtained 
for 109 seed nuts planted in the nursery. The rejected seedlings 
are destroyed. (Plate 39.) 

. (e) Plantings . — ^The land selected for planting should be 
cleared of all jungle growtli, levelled and contour bunds laid out. 
If the land is slopy terracing is necessary to prevent soil erosion. 
The rj’ots plant seedlings rather close and indiscriminately. When 
trees are overcrowded they grow lean and lanky and considerable 
energy is wasted at the expense of yield. A spacing of 25 feet 
between the trees either way giving 80 trees per acre is suitable 
for 'most places of average fertility. The triangular method of 
planting trees has been found to economize space and some 15 
per cent of trees more could be put in by this method than by the 
square method adopting the same spacing. Planting should be 
done at regular intervals to facilitate cultur^ operations with labour 
saying implements. Planting of seedlings at tl<e surface of the 
soil or in shallow pits about a foot deep just sufficient to cover the 
nut is inadvisable, especially under the dry system of cultivation 
and in places where the water table is low in the summer months. 
The haw of trunk to a height of two to three feet is the root bearing 
region and therefore it should be well within the soil, otherwise 
root production is limited and the palms suffer much in dry 
jVTOther. The depth of planting depends upon the nature of the 
sofl and the height of the water table. Generally with three feet 
deep planting will suffice, but in hard gravelly soils with low watw 
table planting may be done at a dep^ of four feet. Along river 
banks {flantiiDg can be done at one or two feet depth. On rice 
field bunds and back water areas seedlings are beat planted in 
mounds two or three feet Pits of the sixe of three feet by 

three feet and fhe required depth are dug a couple of months before 
planting and the sides charred by burning rubbish td |»event 
aui attadk. Younger seedlings establish more quickly when 
tramplat^ ^an okhn- ones but are subject to damage in transit, 
•tiildt Hv white ante and may not withstand water legging in rainy 
flbtBtehs; flo flbe ‘best time at wWeh seedlings can be removed from 
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the nursery for transpleoting is when ^y are about a y^ oML 
f lantii^ is done just after the heavy rains. The seedling is ki^ 
in position and the nut is covered with the s(^ and pressed down. 
Wlule planting a foot of loose soil made up of earth, sand and ash 
(lOt lb.) is provided at the bottom of the pit. 

(J) Care of young plmiaiion.'-^Tha seedlings should be 
properly fenced to prevent cattle trespass. They should be walerad 
regularly in the absence of rains till they establish themselves. 
Watering and shading the seedlings are necessary in tihe dry 
summer months. The usual {sractice is to water every alternate 
day in the hrst summer and twice a week in subsequmit years till 
the plants are five or six years old. The seedling pita ^onld be 
kept free of weeds and the seedlings examined r^^larly fen: pests 
and diseases. In the early years, manuring at 10 lb. of ash and 
^ lb. of ammonium sulphate per seedling will be sufficimtt. This 
dose may be increased as the seedlings grow. 

Under favourable conditions the young palms commence 
flowering in about five years after planting. In loamy soils the 
flowering may commence in seven to ten years while in barren sand 
or hard gravelly .soils it may be delayed till 16 or 20 years. The 
first few bunches produced are usually barren and in the early 
period the bunches may be produced irregularly. The trees begin 
to yield normally in about five years after the first flowering. 
Thereafter an inflorescence is produced roughly at monthly intervals 
and a bunch comes for harvest every month. The tree continues 
to give economic yields till it is sixty years old or more, when the 
plantation may be under-planted. 

(g) Manuring and cultivation . — Systematic and judicious 
manuring is necessary to obtain economic returns from coconut 
gardens. The ryots commonly apply ash at 15 to 20 lb. per laree. 
Artificials are very rarely applied but fresh fish, green leaves, are 
applied when available. Cattle or sheep penning or application of 
cattle manure is done in the Godavari delta and also green manuring 
with sunnhenip. Manures are generally applied in circular basins 
round tire trees or. rarely broadcast either in May-June or Septem- 
ber-October.. Excepting by a few well-to-do ryots manuring is not 
done systematically. The best manure for the coconut is Ib. 
of ammonium sulphate or 15 lb. pf groundnut cake and 20 to SO 
lb. of ash per. tree- per year in addition to the raising and plough-* 
ing in of .a -green, manure crop every year. For green manuring 
CrotaU'Hn.itrkia^^ a local leguminous weed, has been found to be 
the best for. coconut, gardens. The best time for a|>{>Iication 
of. manures is September-rOctober when there is sufficient moisture 
i>i the soil. Ammonium sulphato is applied in linear trenches along 
with tbe green manure, while ash iel^Bt applied bKNuSteast owar 
entire area and ploughed in. ,• - 

Inter-enltlvation of a coconut gasden is tike greatest importaiiiM 

especially in gardens raised undw uratrigstod oonditkms. IIm lyete* 
generally dig up -the gsa-dens once or nirely twice lu a yeae 
some of them ace ccmtenl to to a mdius vS Tiiml liWliil 






PlcU^t 40 (6 ). — Systematic inter-cultivatwn and manuring to improve the yield of the coconut, P. 270 

A neglected garden. 
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.fhe trees. Cultivation with labour saving implements is nut 
genially possible due to indiscriminate planting. In Mysore and 
^iodavari the area is ploughod a number of times in a year while 
in: Tanjore only digging is possible on account of close planting. 
The premier cultivation for a coconut garden is to plough it once in 
.May-iJune and a second time in October-November and work a 
oultivator twice or tlirice during the summer months. It has been 
established that mere cultivation without manuring is better than 
mere, manuring without cultivation. To ensure proper yields 
;regulaf and adequate manuring and cultivation are necessary, and 
by adopting the above recommendations the yields at the Coconut 
Kesearcb Stations have been increased and maintained at a high 
level. (Plate 40.) 

(h) Catch crops and subsidiary crops . — The coconut cultivator 
does not get any income from the garden for the first few years. 
To' make up for this, catch crops are usually grown for about five 
yea^s after planting. The crops commonly cultivated are tapioca, 
sweet {Mjtato, pulses, millets, yams, etc. Subsidiary crops are also 
grown in bearing coconut gardens with a view to supplementing 
the income from the coconut crop. Tapioca, pine apple, dry rice, 
etc., can be grown suenessfully if manured adequately without 
any harmful effects on the coconut. 

Coconut research . — ^Research work on the coconut commenced 
with the opening of four research stations m the Kasaragod taluk 
of the South Kanara district in 1916, as a result of the decision of 
the Government of Madras that a detailed study of tlie coconut in 
all its aspects should be undertaken on the west coast where the 
crop is cultivated extensively • and where the income derived from 
the trade in its products and bye-products is considerable. In order 
it) obtain representative soils on which coconuts are generally culti- 
vated three blocks of vacant land were selected and acquir^ near 
Nileshwar, viz,., J’ilicode (Nileshwar I) representing laterite 
gravelly aul. Nileshwar II— red sandy loam and Nileshwar III— 
coarse barren sand. Work at these stations in the earlier years 
consisted of laying out the area. prcK’iiring seed nuts from reputed 
seed centres, raising nursery and planting up, and regular experi- 
mental work could be started only after 1930. A block of existing 
plairt^tipn was also acquired in 1916 at Kasaragod (red loamv soil) 
and cultural and inanurial exiwriments, morphological studies, etc. , 
were sorted soon aftw. This station was s<dd to the Indian Central 
Coconut Committee in 1947. A wealth of data has been collected 
at these four C<xx)nufr Research stations and the more important 
Helps are detailed in the following sections: — 

1 . MotpHdhyical and matotnical studies— The root system.— 
Tm coconut betongs to the class trf monocotyledons and the roots 
fre, adventitious without the tap niot. The ‘main roofe are abouf 
0-4 mehM Iff dimeter and may bear ttmuebes which in turn have 
Isr^hlets tme tq two mm. in thickness. These small 
are.^^ lived M»d we replaoed-irefiumtly. Tliete are no 
wie.cotxmiff. ybe <dd.rQ6t8'i^ veiy rigid', • strong and 
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modjr rad tke tree is ftbk to witlMtond «troi^ wind. 

The TOote which go varticattj d«nm to« dopth of 90 or ,30 feed «w 
tenned aa " water route ” and are auppoeed to he mainly vtdli^ 
lor ec^ljkig water, while the “ feeding rooha" found spreading 
htsieontally $o a depth of about three feet supply mineral nutrirats 
ond the “ hreathmg roots " aupply air to ^ internal tianiee. All 
the roote emanate from the bole, i.e.j jAte enlarged portkm <A the 
base of the trunk. As normalfy no funo^nai roots are found on 
the stem above g^mnd and ae the thickness of the roots is very 
onifmna, the luaximwai number of roots wfaieh ean be produeed 
deptods on the smface area of tbe bote. In a de^ planted tree 
is Boope foMT production of a large number of roots thra in 
a surface planted one. 

Tto aomber, length and of roots is l^ely controlled 

by the nature of the tree and conditions of aoil-moistiure and onlti* 
vation. The total niuiibar of roots varies from 1,600 to 9,600 in 
a poor grawn-np tree, to even 7,000 in a vigorous, healthy tree. 
The horixontai roots may be 16 to 30 feet in length while tbe water 
snots atmost reach the permuient water level. 

Hoot gtnUes. — (o) A seedling just germiuafed has only 
three roots, and a one year old seedling lias nine n»ts with a totid 
length of about 17 feet. Early germinated seedlings have better 
root davelopinent than late germinated ones. 

(k) In m seedling about 18 months old tihe mean number 
ef raets is 19, wiA a mean length of 82 feet, the lateral spread is 
up to five to six feet and 'Uie penetratiim is ten feet. 

(cl ho a six year old seedling the total number of roots 
is 696 with a maximum B{»ead of 18 feet. The largest number of 
mots is foond whhin a distanoe of one foot from the stem and 
Sttne-foiatfas the total number of roots lie within a d^th of four 
feet fipom the ground level. 

<4f) Ckianparative study of the root i^stem of the seedlings 
of Ike Dwarf and the Ordinary west coast \'ariety idiowed that 
th ou g h there is not much diflerrace between the number of roots 
ha the two vasietiet, the <^inary variety had d^nitely larger 
spread said deeper penetration of the coeta. 

(a) it was found that praning of the roots before trans- 
plaatiaig of vme yrar «M eeadUng was aht harmful provided H is 
properly anoorad nai watered after phmting. Boots not pruned 
were found dead and ait Hie fun et iopw ig roots were produced 
a ak s ei ^ ntly. 

The sfein. — 'Hie stem vS tlie coconut is an erect, unbrant^ 
ed stout cylinder. It is dmlved from one ferminal growing point, 
which is located at the very % of the tniidi, Una it Is mmuts^ 
nearly | mm. agnare and found enveipped by leaf after leaf in 
vaqang atafsa of deraispioont. Iftle mitem is first formed when 
the eeatting has jpmoAiMl H to !t8 iwiWf i.e., two to idbree ynm 
eli. In the firto lew fuain of fMWffi Hie tfoth mimSh lomiiiM 
in tkielmms and meiani mLoirn 

ite lila, moefimg m vmy all dMgw When it tapers oflC. 
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fbongb recognizable, variations are caused in the thiclmess of the 
rtem due to soil, rainfall, manuring and cultivartion, diseases, etc., 
and are records of the vicissitudes through which the palm has 
passed. 

Length of stem. — (a) The length of the stem increases 
with age ; the growth is rapid in the early years (two feet per year) 
and slows down later (less than six inches a year in a 40-year old 
tree). The greatest length of stem recorded is 117 feet in Ceylon, 
hut the average in the west coast is 60 to 60 feet. 

(b) The length and gii*th of the stem are influenced by 
the system of planting. When planted close, the trees tend to 
^jsew tall, provided the soil is fertile; the girth is the largest for 
the most widely spaced trees. 

(c) The elongation of the stem is very rapid in the red 
loamy soils but in barren sandy soils, it is slow and poor. 

(d) The growth of the stem is also markedly influenced 
by manuring and cultivation. Application of ammonium sulphate 
and ash increased the girth of stem by 42 per cent ; of ash alone, 
by 27 per cent ; while the other manures tried reduced it to less 
than 19 per cent. In a period of 15 years the percentage increase 
in height in manured and cultivated plots was 9G while in un- 
manurod and uncultivated plots it was only 68. 

(e) Correlations winked indicate that length of the stem 
is higldy related to yield and the age at first flowering. This 
would mean that a tree having long stem not only yields w^ell but 
also commences to flower early. 

The leaf . — The coconut leaf consists of many leaflets 
arranged obliquely on the midrib. The young leaf first appears in 
tlie centre of the crown as a jx>inted arrow and at this stage all the 
leaflets are held togetlier. The top leaflets open out as the leaf 
grows and four rnonfhs elapse from the appearance of the leaf tip 
to the emergence of the lowermost leaflet. As the leaf gets older 
it is gradually pushed aside to provide space for the younger leaves. 
By the time it dries uj) and is about to shed, which may be from 
21 years to 3| years, it would have covered an angle of 120"* to 
170®. The leaves of the heavy bearers turn through a wider angle 
than those of the poor bearers or young trees. 

(a) Leaf development.— From the dissection of the 
crowns of 183 fourteen-year old underplanted trees the develop- 
ment of the leaf was studied. The number of leaves inside the 
bud was either equal to or one and a half times the number of 
tefties opened. The average number of opened leaves per tree was 
11*39 and tlie average number in the cabbage was 14*92. The 
maxiimim length of the opened leaf was over 17 feet including the 
five feet Jong petiole. The study revealed that most of the develop- 
ment of the leaf takes place four to five months prior to the 
complete emergence of the leaf. 

In a mature, liearing tree there are thirty to forty leaves 
At varioue> stages of growth in the cabbage. The leaves which are 
AJMt,— 24 
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to open for the coming two yeare are found formed with distinct 
petiole, rachis and developing leaflets. On giod trees there are 
four sets of leaves. Counting from the oldest leaf they are — 

(i) 10 to 12 leaves from the axils of which the bunches 
are already harvested; (ii) 10 to 14 leaves with bunches in various 
stages of maturity ; (iii) 10 to 12 leaves in the axils of which the 
spadices have not yet opened : and (iv) 30 to 40 leaves in the 
cabbage. 

(b) Leaf arrangement . — ^The leaves are arranged on the 
top of the trunk in five spirals which may run to the left or to 
the right and the angle of deflection between successive leaves in the 
spiral is nearly 144°. This angle of deflection varies from free 
to tree and also in different rounds of the same spiral. This 
arrangement ensures the supply of maximum amount of light to 
the leaves. The bunches are thrown on the right if the spiral is 
to the left and vice-versa. The spiral is to the left in most of the 
trees. The number of leaflets to the right side of the leaf is 
slightly larger. Even though the direction of the spiral varies from 
tree to tree it remains the same throughout the life of any parti- 
cular tree. A recent study on the inheritance of the spiral nature 
did not reveal any relationship between the parents and their 
progeny , which leads to the conclusion that the nature of the spiral 
is not an inherited character. , 

(c) Rate of leaf production. —The rate of production of 
leaves measured in terms of days taken for the opening of two 
successive leaves, is influenced by the age and vigour of the palm, 
fertility of the soil, cultural practices and seasonal conditions. On 
an average, 12-13 leaves are formed in grown-up trees in a year 
and tlie number may be nine or less in younger trees and trees 
growing in unfavourable localities. 

(i) Late germinated seedlings, which are poor in 
vigour have a slower rate of leaf production than early germinated 
seedlings. 

(ii) The average number of leaves produced and the 
average interval of the production of successive leaves are in favour 
of cultivated plots (14-9 and 24*26 days respectively) while in an 
uncultivated plot they are 12*6 and 27*2 respectively. 

(iii) Leaf production is slower for surface-planted trees 
(11-6) leaves than for deep-planted palms (12*0 leaves). 

(iy) Rate of leaf production was more rapid at Kasara- 
(loamy soils) than at Nileshwor IH (banen sandy soil) and at 
Pihcode (gravelly laterite soil). ^ 

Rate of 1^ i»odapticm is genertdly low in April, 
May and June and rapid in 8epteQd>er, October and November. 

(d) Shedding of leoeee.— Tbe rate of shedding of leaves 
ae^nds upon the age and nature ot tJie palm, season, soil and 
cultural treatments. Undw favourable iconditions^ the leaves dt a 
vigorous palm remain for three to tiiree and a half year*; wMle 
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in poor trees leaf shedding is early, and in some trees the shedding 
may take place even before the bunch in its axil matures. Leaf 
shedding is high during the hot weather ranging from 40 per cent 
in loamy soils to nearly 60 per cent in barren sandy soils and low 
during the south-west and north-east monsoon periods. 

(«) Variation in leaf length . — The length of leaf increases 
rapidly from 2| feet in one-year old seedlings to 13| feet in palms 
seven years old. Thereafter the increase is slow till about the 25tb 
year after which the leaf length gradually decreases. The longest 
leaf is found in 15-16 years old palms. High yielders have com- 
paratively longer leaves than low yielding trees. Cultivation and 
manuring also result in the increase of leaf length. Variations in 
length between the different leaves of a tree may be as high as 
2| feet. Leaves produced in the cold Season are shorter than those 
produced during the rainy season. Though the heavy yielding 
palms generally have longer leaves, a few palms with short leaves 
also are found, in which case the number of leaves is more. 

Floral Biology . — The commencement of flowering is an 
important event since it is then that the planter is very near the 
reward for his patient care and labour. The age at which the tree 
first flowers depends upon a number of factors such as vigour of 
the palm, soil and climatic conditions. 

The inflorescence of the coconut is a spadix, about four feet 
long, stout in the middle and tapering above, at first erect and 
finally drooping. The spadix is enclosed in a long boat-shaped 
spathe. The main rachis of the spadix has a number of branches 
called spikes with numerous male flowers and a few female flowers 
at the base. The development of the inflorescence starts about 15 
months before its opening. The development of the female flowers 
commences about 12 month! before the opening of the inflorescence 
and that of the male flowers a month later. The inflorescence 
develops rapidly only about six months before its opening. 

In the earlier stt^es of flowering, production of spadices 
is irregular, the production being confined mostly to the summer 
months. In about three to five years the production of spadices 
becomes regular, i.e., a spadix is .produced in the axil of every leaf. 
In a regular bearer the number of leaves and spadices produced are 
almost the same, i.e., 12 per annum for most palms. It takes 
s^ut three to four months for the opening of the spadix from the 
time it first appears in the leaf axil. The bursting open of the 
spathe takes a day or two in the summer months, and in heavy 
borers the spathe may open in a day. The blooming of the male 
flowere commences from the apex of the spikes and continues 
downwards. It is a gradual and continuous process lasting on an 
ave^e for about 18 to 21 days. The number of male flowers in 
an inflorescence may vary from 150 to 5,000. But the average is 
generally 8,000. TOie female flowers are much bigger than the 
male flowers and their number per spathe may vary from 25 to 60, 
but the average is about 25. The tendency to pi^uce cmly male 
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flowers in an inflorescence is common in the early period of flower- 
ing. The female flowers open one to three days after the end of 
male phase and remain receptive fm: about three days. Wind and 
in8ects^ are the pollinating agents. CrosepoUination is the general 
rule but there are fair chances for self-pollination also during'. 
summer. 

(a) First fiOwering. — (i) The first flowering was noted 
in the fifth year at Kasaragc^ (red loamy soil), in the seventh year 
at Pilicode (gravelly laterite soil) and in the eighth year at 
Nileshwar. Ill (barren sand) in the case of surface planted trees. 
In the tenth year the percentage of palms flowered was 90, 54 
and 80 respectively in the above three soil types. 

(ii) No difference in the mean age at first flowering 
was noted for surface planted and one foot deep planted trees. 

(iii) Number of. leaves and the length of the stem are 
significantly correlated to age at first flowering. Large number of 
leaves and a tall stem indicate the vigour of the palm and may be 
taken as characters of early flowering eoo-types. 

(iv) Mmiuiing and cultivation do not appear to 
influence the age of first flowm'ing. 

(b) Prodmtion of spadices. — (i) Production of spadices 
is inflnenced by the age of the palms, nature of planting, soil, 
cultivation, etc. At Kasaragod (r^ loamy soil) there are no trees 
with less than ten open sj^ioes, and 60 per cent of the trees 
produced 12 or more spadices in a year. On the other band at 
Pilicode only seven per o«it of the trees produced 12 spadices and 
about 40 per cent of the trees less than ten spadices per year. Leaf 
production at these two stations corresponds to the production of 
Gpadioes. 

(ii) Consequent on cultivation and manuring the pro- 
duction of spadiees increased by U'S per cent in the case of poor' 
bearers and 5^8 per cent for medium bearers while the heavy 
yielding trees did not respond to tbs treatment. 

(iii) Seasonal variations in the. production of. spadices 
were noted. La^mr number of spadiees axe prodoced dmii^ the 
summer months Febmary to May than during the cold mont^. 

(c) Abortion of rpsdtcss.-^li) Abortion of the tq^iees- 
ooMirs at a very earlyt sta^^- in its' develoimient. This is more 
frequent in the yoai^> trem ; only about 84 per c<«t of the treesi 
from among the 18 yeam^ oM palms at Pilioede* had spadtoes in>. 
every leaf mul, a»d.‘tfae‘^iMior% -oljtxees'Iffoduead less than seven 
spa^ees par yem ha 4lidyeu»' old pidnos at Kasaragod only six 
per cent of thw tosaa had' 'one cm more bscren axUsi 

(iii AhMdTdiper oeni'of the i^adiceo windi sd><»daie> 
tbese>whidi«re'dumto opiwin4he months’^ Jifly to Octduw. Tim 
only iDo^ortstad flwtap> wiHali'<mighh <fl>vimisly affted tbs' ' dausloek 
ment of tiie< is-^ba: dibU|^ about/ 15 monthsi prior: to its* 

q^og.> 

fssnale ilewsim sbowa rH■iiMl^wt^le^•^ ihtereito due to odtivstiow ami* 



MBMOIES OF THE DBPAKTMENT OF AOUICUOTCKE, MAUEAS 277 


manuring in the poor bearers only (33 3 per cent) and to a lesa 
extent in the medium bearers (19 9 per cent). But in heavy yielding 
palms the response is little. 

(ii) Production of female flowers is highest during the 
snmitter months February-May and lowest from September- 
January. , 

(e) Button shedding . — Even though an inflorescence may 
produce large number of female flowers or buttons on an average 
about 80 per cent of them are shed and only about 20 per cent 
develop into nuts. The causes for the shedding of buttons may be 
many, such as effect of seasonal and cultural conditions, lack of 
pollination or fertilization, attack of pests and diseases, etc. Some 
of the buttons shed show fungus attack but it is not known whether 
this is the primary cause or whether the fungus appears only when 
thb button is about to shed. Spraying with one per cent Bordeaux 
mixture and artificial pollination did not reduce button shedding. * 
Itt a recent trial conducted with Planofix, a fruit drop inhibiting 
hormone, the inflorescence was sprayed at fortnightly intervals from 
flte commencement of the female phase. The results did not show 
any improvement in setting due to sprayings. 

Under the Scheme of Besearch on Coconut in Madras, a 
detailad study of the button shedding was undertaken on two palms 
in each of seven world varieties and 25 ordinary tall palms of 
five different yield groups for a period of three years. 

There is very little shedding before the opening of the 
female flowers, the mean number of female flowers shed being 
only 4'87 per cent of the total production. Most of the shedding 
tslms place within six weeks after stigmalic receptivity and it is 
maximum from the second to the fourth week after stigmatic recep- 
tivity. During the first fortnight about 38 per cent and during 
the second about 32 per cent of the total female flowers are shed. 
It is very much reduced during the third fortnight. The shedding 
percentage also varies from tree to tree. In 4-6 per cent of the 
trees the shedding percentage was 50, while in 18-4 per cent of 
the trees 89 per cent of the female flowers were slied. On an average 
80 per cent of the total female flowers was shed. The percentage 
of shedding due to insect attack and disease was negligible. Shed- 
ding was maximum during the rainy season and miniinuni during 
the cold season. It was rapid during the hot months and the perii>d 
of shedding was more spread out during the cold season. 

Appreciable differences were observed in the total pro- 
duction and shedding of buttons, the difference being more pro- 
nouBOed in the world varieties than in the ordinary variety. In 
fjbie low yielding trees shedding was very rapid during the first 
i ^ Ort tn g fat of stigmatic receptivity unlike in the high yieldcrs where 
it was more spread out. About a third of the buttons shed in the 
oadMBiy tdfl vMiety of West Coast had all the three or two cells 
dwelnped' ({veaumably unfertilised) while the remaining two-thirds 
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had only one cell developed. It was just the reverse in the case 
of the world variety trees. Among the world varieties the percen- 
tages, of shedding ranged from 77 to 98. Maximum shedding 
occurs in Fiji, New Guinea and Cochin China varieties and 
minimum in Ceylon, Philippines and Laccadive small. The annual 
variation in the percentage of female flowers sjjied was not much; 
in 1944 about 74 per cent and in 1946 about 79 per cent of the 
total female flowers produced were shed. 

(/) Setting . — From the view point of the planter the 
number of nuts harvested to the number of female flowers produced 
is the most important consideration. This setting percentage 
varies from 14 to 30 and is much higher in heavy and medium 
bearers than in poor trees. The high yield of heavy bearers is due 
to the high production of female flowers as well as to high setting. 
Tliis does not necessarily mean that all trees producing a large 
-number of female flowers are good yielders. In fact, the percentage 
of setting in such trees may be as low as seven, and in trees pro- 
ducing low number of female flowers the setting is high. Setting 
is also affected by seasonal conditions. It is high during the 
months of September-January and low in summer months, when 
the production of female flowers is the highest. 

Anatomical and cytologieal studies . — The structural and 
developmental anatomy of the root, stem, leaf and inflorescences 
of the coconut were studied. The important findings are summa- 
rised in the following : — 

(а) The structure of the root, stem and leaf conforms to 
that of the monocotyledonous type. There are no root hairs in the 
coconut. The impervious nature of the root is due to the thick 
exodermis (hypoderm). There is extensive aerenchyma in the old 
roots. The so-called “ breathing roots ” are thicker than the 
normal, more spongy with the conducing tissues poorly developed. 
Adventitious roots arise from the ground tissue of the stem. The 
epidermal cells of the young root are multinucleate. The nucleii 
in the various tissues are characterised by multinucleolate condition. 

(б) The meristematic nature of the ground tissue persists 
for a considerable length of time in the life of the stem. The 
vascular bundles are “ closed ” collateral ones each with a 
“ heavy cap ” of fibres and are produced in two stages. The 
early ones have more than one vessel and the late ones have usually 
only one xylem element. The weakness of the stem is due to the 
persistence of the thin walled conjunctive tissue even in the old 
stems. The normal cork tissue is wtmting; but a special type of 
periderm called the “ storied ” type-rhytidome is present in the 
periphery. 

The girth of the old stem is much greater than that of 
the seedlings. This is due to the inereftsed activity of the growing 
point and the consequent increMed prodoctbn of vascular bundles 
in the trees, and not due to secondary thickening. 

(e) The leaf (petiole portion) is firat differentiated from 
the growing point of the stem about thirty ihonths priw to flti 
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emergence from the leaf sheath. The blade portion begins to form 
Rbout eight months later, from tip of the young petiole. The basal 
leaflets are the oldest. The formation of the blade is completed about 
six months, and the stomata about three months prior to the 
emergence of the leaf. The epidermis of the leaflets originates 
from the periblem and not from the dermatogen. There are four 
motor tissues in the leaflet which help in tlie unfoldment of the 
leaflet. 

Due to the thick cuticle, the extensive palisade tissue 
find the hypoderm of the leaflets and the highly thickened peri- 
pheral cells of the stem, the coconut is essentially adapted to with- 
stand xerophytic conditions. But as in hydrophytes, there is 
aerenchyma in the roots which helps in withstanding water- 
logging and epithem (hydatode) at the margin of the leaflet to 
remove super-abundant water. Thus the coconut is adapted to 
withstand extremes of weather conditions. 

(d) The development of the inflorescence is a slow 
process taking about thirty-four months from the time of the 
differentiation of the flower primordiura to the opening of the 
spathe. The maximum elongation occurs during the period of six 
months prior to the opening of the spathe. The branches of the 
inflorescence begin to form alxiut sixteen months prior to the 
opening of the spathe. Severe drought occurring at this period 
kills the primordia of the spadix and it aborts. The primordium 
of the female flower is first differentiated about twelve months 
before the opening of the spathe or alxiut two years before the 
harvest of the nuts. The male flowers begin to form a month later 
than the female and mature a month before the stigma is receptive. 
The ovary is first differentiated about six to seven months and the 
ovule about two months prior to the opening of the spathe. From 
the formation of the archesporium to the complete development 
of the embryo sac it takes about two months. The time of tapping 
toddy corresj.ionds to the period when the tetrad (microspore) is 
being formed and when the anthers are full of sugars and nourishing 
fluid. On the inner side of the stigmatic nectaries, a small cambium 
and a few cork cells are found. The splitting of the spathe is effect- 
ed by interval pull set up by the decreased turgescence in the tangen- 
tially elongated cells, as also by the pressure exerted by the rapidly 
developing spadix within the spathe. The function of tannin cells 
and raphides characteristic of almost all tissues is protective. 

(e) Nectar secretion in the coconut . — A detailed anato- 
mical study of the coconut flowers with special reference to nectar 
secretion revealed certain new features which have not been re- 
ported upon previously. The salient points are the following 

(i) Septal nectaries and hydathodes are for the first 
time reputed upon the coconut. 

(ii) Nectar is secreted by the stigmatic surface and 
by thm septad nectaries which are provided with outlets below 
the stigma. Iliere are no secreting glands at the base of the 
ovary. 
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(iii) The epidermal hydathodes exude a liquid in the 
region below the stigma. Under South Indian conditions in the 
tall type of palm, the exudation occurs before stigmatic receptivity 
and does not exclude ants from reaching the Stigma. 

(iv) In the male flowers also the secretion of neetttr 
is effected by septal nectaries situated in the pistillode. 

(/) The chromosome numbers in the coconut . — ^The 
chromosome numbers in the tali and the dwarf varieties of the 
coconut were determined. Both had the same chromosome num 
her, viz., n=16 and 2n=32. 

The yield. — Ordinarily it takes a year after the opening of 
the female flowers for the nuts to mature and become fit for har- 
vest. The development of the fertilized female flower is rapid in 
the early stages, and the maximum weight (6 lb.) and volume 
(3,000 c.c.) of the nut is attained in the sixth month. At this 
stage the fibre in the husk is not well formed, the shell is thin 
and soft and the beginnings of the kernel are seen. The water 
or milk inside cover the entire space and this is the correct stage 
for the harvest of tender nuts. Subsequently the growth consists 
entirely in the development of the kernel, shell and the husk, and 
when the nut is mature there is some shrinkage in volume and con- 
siderable fall in weight of the nut (3 lb.). The development of 
the copra and oil content is rapid from the eighth to the eleventh 
month.. , I 

TIio factors which determine the yields in the coconut are 
the number of spadices opened, the number of female flowers pro- 
duced and set. These are affected by various causes such as 
inherent character of the trees, age of the palm, season and rain- 
fall and the manuring and cultivation given. 

(a) Inherent variations in yield. — The population of 
trees in a garden consists of (1) alternate bearers which give 
heavy yields in alternate years, (2) irregular bearers, whose yield) 
vary from year to year and do not conform to any system and (3) 
regular bearers. Among the regular bearers that yield unifom^y 
over a number of years, three types, viz., heavy, medium and poor 
bearers are found. The medium and poor trees respondi to cul- 
tural and manurial treatments, while the heavy yielders do not. 
At the Easaragod station out of 134 trees under detailed observa- 
tion for 12 years, 8 are alternate beareis, 31 irregular bewrars 
and 95 yield regularly. Of the r^iular bearers 23 per cent <flre 
heavy bearers yielding about 100 nuts per tree per year; 'TO per 
cent are medium bearers with an average ykiid of about nuts; 
and 7 per cent poor bearers with m average yield of 25 ante. 
The annual variations in yidd are very hi^ for ihe poor beareira 
and low for the heavy bearers. The heavy yidders «re, 
the best eco-types for cultivatbn and if a plantstHH) were ^ 
of only this type of trees the yield would be heavy. 
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The characteristics of the 

eco-types 

are — 


Per tree, per year 
(aTenge or i2 yeaia.) 

Heavy 

bearers. 

Medium 

bearers. 

Poor 

bearers. 

1 Annual yield of nute 

99*8 

58*8 

26*0 

S Number of epadicee produced . . 

13*4 

12*8 

11*4 

$ Number of female flowers 

produced 

370 

263 

135 

i Percentage of setting 

26*9 

22*3 

18*5 

6 Total number of functioning 
leaves 

33*8 

20*5 

28*0 

6 Height in 1931 in feet • • 

28*4 

25*6 

22*3 

7 Number of female flowers per 
bunch 

27*6 

20*6 

11*8 

S Number of nute per bunch 

7-4 

4*6 

2*2 


It is clear from the above figures that heavy bearers are 
superior to the other groups in every respect. Heavy bearers 
possess, besides factors which contribute to yield, significantly 
more number of leaves and greater length of stem. Correlations 
worked have established that the number of leaves is found related 
to the yield over a longer period and that a mature tree with a 
large number of leaves would have yielded well in the past and is 
likely to yield well in the future. Long stem is a38.x:iated with 
heavy yields. These two characters, viz., nuuilier of leaves and 
length of stem appear to be independently related to yield and 
are the most important characters m locating the eco-types. 

(b) Other factors that effect yield. — (i) The age of the 
palm affects the yield particularly in the early period and also in 
the last stages of the life of the palm. During the first few years 
of bearing, generally five, one or more spadices are barren and 
spadices may not be {iroduced in the axils of all leaves. The 
number of fertile spadices per tree and the number of female 
flowers per spadix gradually increases up to the tenth year of 
bearing. Variations in setting percentage appear to be independ- 
ent of the age of the tree. The yield of the tree increases up to a 
certain extent as the age increases and full yields in early good 
bearers are obtained five years after the commencement of bearing. 

(ii) Monthly and annual variations in yield have been 
noted. Between 50 and 60 per cent of the nuts mature during 
the months of March to June due to high production of bunches 
and female flowers, and the yield obtained from Bepteniber to 
January is very low. Yearly variation in yield is about 12 per cent 
and is probably due to seasonal conditions, as no periodicity is 
noted. 

(iii) Bainfall has a profound effect on yield. Bains 
received during the souffi-west monsoon and early part of the 
north-east monsoon bear no relation to yield under West Coast 
ooniStions. A detailed investigation revealed that yield in any 
particular vear is influenced by January to April rains of the two 
yews ^vWs to harvest together with the rains in January to 
April of the year of harvest. 

35 



S82 iftitlOiflS 0» fHB DdPABfMfiNt OP AOKtOULfUltti, MAfiStAa 

(iv) A stndy of the relation^p between the yield of 
trees and the ground area occupied showed that spacing innuenced 
the. yields to a considerable extent. Under the dry ayftnn of cuiti- 
vaticm on the West Coast a spacing of 25 fe^ between frees is 
necessary. 

As already stated the ntunber of leavee is related 
to the yield. The rate of leaf productkm also appears to be 
related to the yield. The interval between the opening d Succes-' 
sive leaves is shorter in high yielders than in poor yidders. The 
yield being an expression cd the physiological activity, the catalise 
activity of the leaf is correlated to the yield. 

(vi) Cultivation and manuring show civ.isiderable effect 
on the yield, more particularly the former. 

(vii) Tapping of coconut spatlies increases the yield 
in the post-tapping period in the case of poor bearers only, and 
the effect lasts for about four years. Continuous lapping of a tree 
for more than a season or at the most two is harmful. 

(c) Production of barren nuts . — Production of barren 
nuts, i.e., nuts without kernel or with kernel partially developed 
or decaying is a phenomenon usually met with in gardens all over 
the coconut tracts. It is reported that production of barren nuts 
in Pattukottai (Tanjore district) has increased considerably of late. 
At the Kasaragod Station the average percentage was 2'66 in 
1939-40. Some particular trees produced as high as 42 2 per cent 
of barren nuts. The monthly variation of barren nuts ranged from 
1'26 to 5'04 per cent, it being high in May -June and low in Sep- 
tember to December. Artificial pollination of 15 trees producing 
barren nuts did not show any beneficial effect. Tapping the trees, 
however, showed a definite reduction in the production of barren 
nuts in the post-tapping period in the ca.se of 2 out of the 6 trees 
under trial (reduction from 18-3 and 16'5 per cent to 5 to 0 per 
Cent respectively). Since trees producing barren nuts yielded as 
much toddy as healthy ones it appears profitable to tap barren 
trees. 

H. Agronomic e.rperimenl.’!.— There are fwo limiting factors 
in the layout of agronomic experiments on the coconut. They 
wre — 

Certain practical difficulties are encountered in the layout 
and interpretation of agronomic experiments on the eneomt 
Since the spacing of about 23 feet given for the trees is large there 
is ffifficulty in allotting efficient number of trees per plot. 
Taking only two trees per net plot and ten trees for gross plot m 
area of five to six ^es is required for an experiment with four 
treatments and six replications. In such a layout 80 per cent of the 
Ireeq are non-experimental, border rows, and considerable variation 
doe to soil fertility will be introduced. The absence of tinifonnite 
in the bearing capacity of the trqes and varying response by the 
diflbrent eeo-types (i.e., heavy, medium and poor weldinc imiA 
also intr^UMs variation. In !he eSrBer experiments evfhS 
the effects of trestnieiits with pr6«>tr8dtxxieiit {^etiod m Ibaste ww 
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fouiM more efficient than comparison with control. In the present 
set of experiments this difficulty is got over by selecting plots, 
whose yields in the pre-treatment period are not significantly 
different from one another. 

Another handicap is that the effect of the treatments on 
Jhe yield of nuts is seen only two or three years after the com- 
mencement of the experiment, and the experiment has to be conti- 
nued for^a, period of six to eight years to obtain conclusive results. 
The reason for this delay in the manifestation of the effect of the 
treatment is evident from the following facts ; — 

(i) That the abortion of the spadices is affected by the 
conditions existing about 10 montlis prior to the opening of the 
Bpathe or 28 months prior to harvest, and (ii) that the primordia 
of the flowers are formed about two years before the harvest and 
the differentiation of the female flower about 18 months prior to 
the harvest. The treatment affects the formation of the primordia 
of the spadix and the flowers. 

(1) Cultural experiments. — (a) Cultural experiments 
were started in 1918 and the observations made for over quarter of 
a century have given re.sults of first rate importance. The effects 
of the treatments are brought out clearly in the following table : — 

_ ^ . Mean annual Coefficient of 

Treatmcxita. yield of nut-s, vdi^tion 

1020~80. per cent. 

No manure and uo cultivation . . , . 72*81 

Oultivaticm alone without manure 47*6 17*25 

Cultirated and manured •• •• 64*3 14*62 

The imjKjrtance of regular cultivation is clear from 
these figures. Variations in the annual yield are considerable in 
the neglected plot, while regular cultivation ensures a steady yield. 

A plot which was regularly cultivated and manured 
was left untreated for a period of five years tl932-39) to studv the 
deterioration of the garden. The data obtained are— 

Ueu jrield of 
lint prr ti«e, 
per rear. 


Fretting neglect I ) 68-1 

During negieot {1933-36) first three years. .. ., 01 '8 

During lart year and the j'ear sucrepiling neglect (]930-3!l). 42-2 

Suooeeding years (1940-48) 63 0 


The trees were giving good yields preceding neglect 
and also during the first three years of neglix’t. The deterioratimi 
manifested thereafter and eoniimied for a period of three years 
after cultivation and manuring were restored. The trees showed 
riecoVery three years after manuring and cultivation was started 
•gain. 

^ Regiilar cultivation is of the utmost importance in 

tae successful raising of the coconut grown under rainfed condi- 
The cultivation of the garden even without manuring ts 
better than aj^lying manures in basin trenches and leaving the' 

AJI.— 2«A 
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rest of the area unpultivated. Cultivation conaiderabljr imj^ved 
the production of female flowers and yield of nuts. Soil moisture 
determinations showed greater moisture retention in the cultivated 
plot than in the uncultivated, particularly in the deeper layers and 
during the summer moniths. 

(6) Trenching experiments . — ^The local method of 
applying manures to the coconut is to open shallow basin tremdies 
round tiie trees at the begiiming of south-west monsoon and to 
cover them up after manuring at the end of north-east fhonsocm* 
The root pruning resulting from this type of ti’enching is believed 
to benefit the trees. To test libis behef, circular basin trenches 
(six feet radius and one foot depth) and linear trenches (two feet 
wide and two feet deep) in between rows of trees were opened at 
the beginning of the south-west monsoon, filled up with green 
leaf or compost and covered in November. Leaf productiim and 
shedding was not much affected but the production of flower bunches 
and female flowers and consequently the yield allowed increase 
in linear trenched plots, while in circular trenches the yield was 
reduced on account of lower production of female flowers and set- 
ting. Linear trenches are, therefore, to be preferred to circular 
basin trenches in tlie case of surface planted trees. 

(c) Ploughing versus digging . — ^An experiment was 
started in 1942 to find out the effect of ploughing with " Monsoon 
plough ” and digging with Mamaty on the yield of nuts, and the 
minimum number of plougliings required to get the best yields. 
Ploughing thrice a year gave the highest net profit per acre, but 
the gross return was slightly higher in the case of digging nine 
inches deep. 

(d) Earthing up experiments . — To find out whether 
earthing up the base of surface planted trees in summer months 
would imjHrove the trees which suffer from excessive drought, an 
experiment was started in 1942. Mounds of earth two and half 
feet high were made at the base of the trees in January and 
removed in May-June w'hen rains set in. No significant differ- 
ences in respect of leaf and female flower production and yield 
were observed. 

(2) Manurial experiments. — (c) The first set of 
manurial trials was started in 1922-23 and continued till 1931-32. 
Ammonium sulphate, pottassium sulphate, super phosphate, adi, 
cattle manure, fish guano, salt and lime were tried singly in 
certain combinations. The yield figures under this experiment 
were not strictly comparable as the number of toees under AHi^h 
treatment was small and the pre-treatment diff^ences in yieldB 
were rather considerable. Nevertheless the results indicated t^t 
response to manuring was more pronounced in the low yielding 
trees than in the high yielding ones. Application of aminoninm 
sulphate and pottassium sulphate with or without super appeaiied 
fo be slightly beneficial. Addition of lime had a depresstim 
On yield. Ammonium sulphate alone (three lb.) did not benefit 
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the trees, but with au additional dose of ash (20 lb.) gave substan* 
tial increased yield. Cattle manure was the next best, but it bene* 
fitted only poor yielding trees. Coconut cake, fish guano and salt 
gave poor response. 

Based upon these indications a second experiment 
was laid out in 1932 and continued up to 1037. The results 
obtained are — 

Ytold of natH per tree, 
per year. 

Treatment (per tree, per year.) * — * Dtfferencei, 

Pre-treat- Due to 

ment treatment 
(1919-*28). (1984-87). 

Hiree ib. of ammonium sulphate and 26*5 62*0 26*6 

iO lb. of ash applied broadcast. 

Three lb. of ammonium sulphate and 22*0 46*0 24*0 

20 lb. of ash applied in trenches. 

Cattle manure 100 lb. applied broad- 28*0 46*0 17*0 

oast. 

Cattle manure 100 lb. applied in 34*6 46*0 11*6 

trenohes. 

Ash 20 lb. applied broadcast . . *• 33*0 41*0 8*0 

Ash 20 lb. applied in trenches . . 28*0 42*0 14*0 

Fish in trenohes • • . . . • 35*6 49*0 13*6 


The results conclusively proved that three lb. of 
Ammonium sulphate and 20 lb. of ash was the best manure for 
the coconut. As for the method of application the differences are 
not high and broadcasting is to be preferred as it is cheaper. 

A third set of exjwiments was started in 1938 and 
continued up to 1946 to find out the most economic dose of ammo- 
nium sulphate, and also the i)ossibility of substituting ash with 
pottassium sulphate as ash is not available locally in suflSciently 
large quantities. The manures were' applied broadcast and a green 
manure crop was raised and ploughed in every year. The plots 
also received the usual cultural treatments, viz., two ploughings 
and two or three hoeings every year. The yield data are — 


Tmtment (per tree,) 
per ymu. 

(t) 

Tt 20 lb. of ath • • 

Ts 20 1b* pht8 U lb. of 
ammonhim suli&ato. 

T« 20 lb. plus 81b. of 
ammaaium aulpliata. 

Ti20 1^. ploa 44 lb* of 
ammonium aolpliala. 

T| 8 lb* of amnumitim 
Mtebata and 1| lb* of 
powaMdam 

X tost aigiiMoaat. 
Ooiidiimion 
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The resalts show that the application of 20 lb. of 
ash and four and half lb. of ammonium sulphate has recorded a 
signifkiant increase in yield and that this dose is the most econmnio 
one. Since there is no significant difference between T* and T» 
one and half lb. of pottassium sulphate can be substituted for 20 lb. 
of ash without affecting yields. 

(b) Groundnut cake-manuring cj^pen'wewt.— iDuring 
the war, ammonium sulphate was in short supply, and an experi- 
ment was designed to find out whether groundnut cake could be 
used instead. Application of three lb. of ammonium sulphate was 
compared with nine lb. of groundnut cake, and since no signifi- 
cant differences in yields were noted for a period of four years, 
it was concluded that groundnut cake could be substituted for 
ammonium sulphate. 

(c) Husk burial experiments . — The soils on the West 
Coast, in general, are poor in organic matter and coconut trees 
grown under rainfed condition suffer from severe drought in sum- 
mer. An experiment was started in 1937 to find out whether 
burying husks (drj* husks, not fit for eoir making) and dry coconut 
leaves would benefit the frees. The treatment consisted of bury- 
ing about 1,000 husks and 301) leaves })er tree, in linear trenches 
six feet wide and 12 inches — 15 inches deep. A green manure 
crop was liaised and incorponited every year and no other manure 
was applied till 1947, but the plots received the usual cultural 
practices. A significant increase in yield was noted from the third 
year onwards and the effect lasted for a period of five years. The 
burial of coconut hu.sk8 and leaves is, therefore, a useful method 
of improving the coconut garden under rainfed conditions. 

(d) Green manure trials . — Green manuring is 

another method of improving the soils by the addition of large 
quantities of organic matter. The best course is to raise a green 
manure crop in a cocon u? plantation and plough it in. A green 
manure crop for the coconut should satisfy certain special condi- 
tions as it has to be raised under the shade of the trees. It has to 
bo rais^ with the helnof the summer showers and south-west 
monsoon rains so that it is readv for ploughing in September- 
Octbber. A number of crops such as groundnut, wild indigo, sun- 
hemp, etc., were tried with a view fo fixing np the best green 
manure for the tract. Each crop had some defec?. or other that 
made it unsuitable. In**the case of groundnut it was difiScult to 
obtain sufficient seed for sowing the next crop. Ifiel^ of green 
stuff was poor ip wild indigo. Cbwgrarn gave fairly good residts 
when^altle manure was applied but in cerlain years it wds badfy 
attacked by insects. Tt could 'not tolerate water losing in the soil 
even for a few days. Sunhejnp was too delicate 9. plant and it 
required a basal dressing of ash. Therefore the search for a n|Uk 
able prop was continued among fhe local legmnfnotis wndAli 
Crotalaria striata, Gauia tom and seieeted 

from among the weeds which ^w abundantly during 
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in the tract and tried. The latter two did not tolera^ culti- 
v^^^ed conditions but Crotalaria striata was found to come up very 
w^l in the shade of the coconut trees. This new green inanur® 
(^op was successfully tried at all the coconut Besearch Stations and 
yi^ds pf up to 20,000 lb. of green stuff per acre were obtained. 
If sown in Apfil-May the crop would be ready for cutting in 
September-October. It is able to withstand the heavy rains and 
has the following additional advantages: — 

(i) Seed production is plentiful and the seeds being 
small, the seed rate is low. 

(ii) The seed keeps viable for long periods even in 

humid weather. 

(iii) After two or three years of continuous sowing 
a self-sown crop can be expected. 

(iv) The crop is not relished by either cattle car 
goats and can, therefore, he cultivated in coconut gardens, which 
are not properly protected by a fence. 

(v) The filant has very few pests except cater- 
pillars attacking the pods. 

Crotal(tria striata is, therefore, the best suited green 
manure crop for the coconut plantations particularly in the west 
coast. (Plate 41.) 

.\ scheme for the multiplication and distribution of 
Crotahria striata is being worked from 19i8 onwards in eight taluks 
of Malabar and South Kanara districts with the assistance of the 
Indian Central Coconut Committee. Every year 125 lb. of seeds 
are distributed in each taluk to raise the crop in five acres of pri- 
mary seed farms and the seeds obtained from this area are pur- 
chased at a premium for distribution at a subsidized rate for fur- 
ther multiplication in that taluk. 

Miscellaveom agronomic e-rperiments — (a) Surface planting . — 
Among the surface planted trees at Nileshwar II heavy casualties 
were observed in the early stages. Therefore for comparison 44 
seedlings were planted in one foot deep pits in 1922. In 1929-30 
it was observ'eu that larger nmnber of surface planted trees had 
flowered than tlie deep planted ones ; but the growth in general 
was better in the deep planted trees. 

Prom a root study of the surface and the deep planted seed- 
lings it was observed that the surface planted seedlings had more 
number of roots and leaves in the first two years only than the 
deep planted ones. The concentration of roots was according fio 
the depth of planting. As Ihe seedlings grew older the suriaoe 
planted ones suffered more due to the drought in the summer than 
the deep planted ones. Surface planting was therefore found not 
deeirahle under rainfed conditions and in places where Ihe wate* 
table is low in summer. 

(h) CftUUva^ion of tJi* eoeonui m barren sandy soils. — At Ihe 
Agricultuxal Beaeardh Station, Nileshwar lH where the soil is 
bairen 8ip:id to a depth of 20 feet and the water table is low during 
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the suiomer months, trees planted on the surface have not faxed 
well. The time of first flowering, which is an index of vigour^ 
was delayed considerably and at the end ten years only S20 per 
cent of the trees had flowered whereas 90 per cent had flowered 
at Pilioode (gravelly laterite) and Nileshwar II (^.ed sandy soil). 
The yield, when the palms were 22 years old, was as low as ten 
nuts per tree per year. Of the various treatments tried to improve 
these trees, lowering three to six years old trees by one foot was 
harmful as leaf production and flowering were retarded for about 
fifteen years after the treatment. Application of clay at 7,000 cubic 
feet per acre (to a thickness of two inch) was also not successful 
as the yields were depressed. Burial of husks and leaves showed 
the best improvement in vegetative activity and yield. Seedlings 
planted at the Station in one foot deep pits in 1927-28 have come 
up much better and 60 per cent flowered at the age of ten years. 
Surface planting has not been successful in poor sandy soils where 
the water table is very low in the summer months. 

(c) Depth of planting experiment . — Surface planting in the 
poor sandy soils being unsuccessful, an experiment was started at 
Nileshwar III in 1939, to find the [iroper depth of planting. Seed- 
lings were planted in pits three feet and six feet deep pits in 1989. 
The palms have not yet flowered but from the data of 1947 it is 
observed that leaf production and number of functioning leaves 
are in favour of the three feet planting. 

(d) Replanting adult coconut trees . — ^In 1983 twenty sdected 
surface planted 14-year-old trees were bodily removed and re- 
planted in three feet deep pits. After a set back for a period of 
five years they have begun to yield normally. A deep constriction 
on the stem marks the period of the set back. 

(e) Watering experiment . — To find out the increase in yield 
of nuts due to watering of the trees in Ihe summer months an 
experiment was started in 194.5 on one-foot deep planted trees at 
Nileshwar III. In 1948 significant differences in favour of water- 
ing were noted in the number of functioning leaves, and in the 
next year, differences in She number of female flowers produced 
and the yield of nuts were also significant. The experiment is 
being continued and a similar experiment was started at Nfleshwar 
IT (red loamy soil) in 1949. 

(/) Cultivation of subsidiary crops.— With a view to supple- 
menting the income of a coconut grower, trials were made v^ a 
number of subsidiary crops raised under rainfed conditions in the 
interspaces among coconut trees. Dry rice, Varagu, Tapiooa and 
Pine-apple were found to come up well and give economy retnme 
if the crops are adequately manured. The raising ot subriffiaiy 
crops had no adverse effects on the yield of coconut trees. 

Crop improvement.— The coconut commences to bear in about 
ten years after planting and gives economic yidds for 60 years nr 
more. An eminent plant breeder ranariced that the life of the 
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coconut covers three human generations. The problem of crop 
improvement, therefore, becomes a very difficult and a prolonged 
one probably one of the most difficult of all the cultivated crops. 
Another difficulty encountered is that because of extensive cross 
pollination there is wide variation in all palm characters and there 
is strictly no pure variety in the coconut. Evolution of pure 
lines is an impossible task taking the time factor into considera- 
tion and also the area required to plant and study the progenies. 
Further selfing has been found to reduce the vigour in the pro- 
geny and therefore continued selfing instead of purifying the 
type may cause down-right deterioration by the large accumula- 
tion of undesirable genes. The method of crop improvement in 
the coconut has, therefore, to be tackled in other ways. 

Selection . — A survey of ordinary coconut gardens has shown 
that only 10 to 15 per cent of trees are heavy yielders, 50 to 60 
per cent are medium bearers and tlie rest are poor yielding eco- 
types. A proportionately small fraction of the population in a 
plantation is responsible for a large jKjrtion of about 25 per cent 
of the yield. This, therefore, indicates a fruitful line of improve- 
ment, namely, inclusion of more number of high yielding eco types 
in a garden. It has been stated earlier that from the point of view 
of yield, the length of the stem and the number of functioning 
leaves are the most imjjortant characters in locating high yielding 
eco-types in a garden where all the palms are of the same age and 
have received identical cultural and manurial treatments. Since 
cross polUnation is the rule in the coconut the task of the breeder 
is to find out the characters by means of which the high yielding 
eco-types could be identified in the nursery. The number of leaves, 
the height and the girth, besides the time taken for germination, 
are the only available characters to judge the vigour of the seedlings. 
In most crops vigour in the early stages is judged by the develop- 
ment of the shoot. Further, based on the study of palm charac- 
ters, it is reasonable to exjiect that a seedling having a large num- 
ber of leaves and a greater height will continue to have a large 
number of leaves and a long stem, w’hen it grows into a tree and, 
therefore, prove 5o be a good yielder. The performance of trees 
raised twia selected seedlings supplied in the earlier years and also 
planted at the Coconut Stations confirms this view. These charac- 
ters are, therefore, utilized in selecting good seedlings and reject- 
ing po(^ ones. 

(o) Nursery eatperiment . — ^For the purpose of raising coco- 
nn$ seedlings, select^ seed nuts are obtained from selected, high 
yialdii^ parent trees. It is necessary to make a selection in the 
nvarawy also to spot out vigorous seedlings which alone should be 
utSiced for planting. The vigour of the seedlings is judged from 
vaiiow characters such as height, girth, number of leaves and 
roots. DeEailed study of the charscters of the seedlings was under- 
taken at Nileshwar HI Station in 1932 and continued in 
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^ubpequenif years. Some tbe ioapcHrtajat obaervatiopa, mad# and 
recorded are the following 

<i) Seednuts b^an to getmiim^e m 12 weeks after plaoSi 
ing ; the gennination was maximuni doripg tb# 17-48th week after 
wUiob there was a gradual fall and it stop]^ ip the 3&rd w#ekf 

(ii> The earliw germinated seedling had more npm^ of 
leaves and was, therefore, more vig(»ous than tlie late germinated 
ones. 

(iii) Early germinated seedlings w«re aignificantiy better 
than those germinating late in respect of girth and height also. 
Death rate was greatest among the iate germinated seedlings. 

(iv) A seedling with good lieight and girth had a well 
developed root system. 

(v) Seednuts from liigh setting palms gave very high per- 
centage of earl}- germination. This character is associated with 
high yield. 

(vi) Ai-tiilcially cross pollinated seednuts gave high per- 
centage of early and total germination as compared with selfed 
and natural!}- ptillinated seednuts. Nuts obtained by crossing the 
tall (mother) and dwarf (father) varieties of the cooonuf were 
outstanding in early and total germination. 

(vii) Seednuts luu vested in the summer months of Febru- 
ary to May were superior to those of rainy or cold months in 
respect of (o) early germination, (h) total germination and (c) 
characters like girth and number of leaves and therefore vigonr. 

(viii) Over-dry seednuts of about 13 months and under- 
mature nuts of 11 months are inferior fo fully mature 12 months- 
old seed nuts. The age of the nut relates to the period from th# 
time of opening of the female flower to the time ol barves? of the 
nut. 

(ix) In a bunch, nuts which were either too small or too 
large germinated late, if at all. 

(z) Nuts from hea-vy bunches, i.e., bunches -with mosu 
than 12 nuts gave better early germination than nuts from lifter 
bunches. 

(xi) Heavy nuts gave 97 per cent while jfche lig^t ones gtm 
only 59 x>er cent germination. 

(xii) Nuts with very thick or very tfain busk lowor 
percentage of germination, then nuts with husk of rnedapm tIiolE* 
ness, i.e., 0-55 to 0-84 inch. 

(xiii) Spheroid nuts gave higher percentage (d ##% g*- 
minafticm than chlong at linear nuts. 

(xiv) Nuts at the top and the hofforc of the bniu^ gWfU, 
lesb percentage of germination than thioe« from the of 

buntHii The top and bottom nuts in a bunch fure usoaHy «Q»8 
and dt^oniaed. , . 

fxv) Seednufs with soffieieni wader in them 
perORBtage of geminatic^ than thi^ with Kttle or . i. - 





Plate 42 , — Coconut seedlings {one year olt1)» P. 294 

1. Poor {rejected), 2. Good {sclrtcd), 

Note the vigour of the selected seedling as compared ivith the rejected. 
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(pri) Two jx>sitions of plaatiog, viz., vertical and hori- 
zontal were tried. There was no significant ditlerence between the 
two in respect of early or total germination. The vertical j^si- 
tion usually adopted by the ryots is to be preferred, because it is 
more convenient and economical for planting in the nursery, and 
for packing and transport of seedlings. 

(xvii) There is no significant difference in the total ger- 
mination of seeduuts from young, middle-aged and old trees. The 
usual practice in the tract is to select nuts from middle-aged trees 
as these are in the prime of their life and give high yields. The 
inherent characters are not fully manife.sted in either very young 
or old palms and it is more difficult to make a proper selection of 
such trees. 

(6) PresermI ion of seed coconuts in sand. — The seed coco- 
nuts are usually harvested in tiie summer months, but planting 
in the nursery can be done only in June-July. It is, therefore, 
necessary to preserve the seednuts carefully from February to 
May so as to avoid the drying of the water inside the nuts. Pre- 
servation of the seednuts in .sand w'as tried with success. The 
seednuts were placed vertically on a one-inch layer of sand and 
completely covered over vrith sand to a depth of an inch above the 
nuts. It was found that nuts could thus be preserved for a 
period of nine months without deterioration. Nuts stored loose 
for the same period were found dry and unfit for seed purposes. 

(c) Selection of seedlings. — A gewd seedling should be 
healthy and well grown with about eight' to ten leaves at the age 
of on^ year. The base of the collar should be thick, about five 
inches in circumference. Such a seedling has good root develop- 
ment and is heavy. It should be tall about four feet high and 
show early signs of splitting of leaves into leaflets. Only seedlings 
satisfying these criteria are selected for distribution. (Plate 42.) 

id) Study of the germinating nut and seedling.— ’With the 
object of finding out the changes taking place as the nut ger- 
minates and grows into a seedling, germinating seednufs were 
removed from the nursery at monthly intervals and studied. Foot 
production commences in the second month after planting the 
seednuf in the ntirsery and the number of roots increases with the 
age of the seedling. The apple begins to grow even at the end 
of the first month and fills the cavity in five months when the 
water disappears completely, and thereafter, if loses its sweetness 
and becomes papery as the seedling grows. The first normal leaf 
appears in the fifth month (the first one or two scale leaves pro- 
duced immediately after germination are rudimenfary) and the 
number of l^yes gradually increases to six or eight by the end of 
a year,. Splitting of leaves was noticed for the first time in about 
a ye« germinatiop. A gradual increase in the girth at collar 
^ height of the seedlings and the number of roots is maintained. 
There IS a gfadiml fall in the weight uid ttiioknesa of the kernel 
of Ihe fiut !uid. it disapiwara altogelBier in the 22nd m(»ith. The 
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copra made from the kernel at intervals showed a steady rise in 
the percentage of oil. 

Introduction 0 / varieties . — Coconut varieties and forms from 
the important coconut growing countries were obtained and planted 
at the Coconut Besear^ Station, PiliCode in 1921 and 1924. The 
palms have been studied in detail for the different vegetative and 
economic characters. 

Prom the study it is seen that all the varieties and forms can be 
brolly divided into two main groups, viz., the tall and the dwarf 
varieties. In each group there are a number of forms or agricul- 
tural varieties, and in each there may be a number of eco-typ^. 
The existi^ collection, which is by no means complete, has been 
classified into five varieties and nine forms and a key for their 
identification prepared. Due to extensive cross pollination occur- 
ring in nature it is difficult to maintain the purity of the type in the 
coconut. In the dwarf variety self-pollination is common and 
progenies often breed true to the parent. It is possible to distin- 
guish even in the seedling stage the tall and the dwarf types by 
means of their characters. Laccadive ordinary, Laccadive small, 
Andaman ordinary and Cochin China were found to be some of the 
promising forms. But these have not been tried on any large scale 
as planting material available is limited. Laccadive ordinary is a 
high yielder and appears to be even better than the local tall 
variety. Laccadive small is best suited for making ball-copra, 
and Cochin-China gives tender nuts with a plentiful su{^ly of sweet 
milk. Laccadive ordinary and Andaman ordinary yield nearly 
double as much sweet t^y as the local tall type. For orna- 
mental purposes the dwarf variety is the best. The famous San 
B^mon of Philippines which is a very high yielder of copra per 
out, and Nyiur Gading of Malay States which is an early and heavy 
bearer are not available in the Pilicode collection. 

The introduction of varieties requires considerable caution, 
because all varieties are not cosmopolitan and may not do well in 
this country as soil and climatic conditions are different. Most of 
the import^ varieties did not come up to expectation at Pilicode. 
The size of the nut went down and the quality of copra was in- 
ferior in many cases. Also while introducing new varieties the 
ti& introducing new diseases into the healthy tracjr should be 
seriously considers and guarded against. 

An experiment to spot out the varieties and types suitable to 
low-lying areas has just been started at the Pilicode starion. 

Hybridization . — As the posribility of im|m>ving the coconut by 
selection and intauduetion of vmieties from other oounrides was 
limited, hybridizarion work was taken up in 1982 even though it 
is a te^us and lung process. The main object of &e weak was 
to i^t out parental combinations that would give vigorocM leed- 
Hn gff but not as in annual crops, to evolve better types for Ittriher 
mnltiplioa1h)n sad distribution. Crostui^ was attempted ibift he- 
tweeh Mgh yielding ecd-types pbsseesing desirable mikfioio 





Plate 43 . — Progeny of Tall {female) x Dwarf cross {Xdeshwar), P, 298 

Note the vigour and high yieldihg nature of the young palm 
which is only 4 years old. 
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characters which contribute to increased yield. Later the work was 
extended to eco-types with different yielding capacities to study 
the behaviour of their progenies. Also hybridization between 
'different varieties was attempted. The progenies, over 2,000, 
were planted at Nilesbwar 11, and are under study. These are 
young and have not yet come to the normal bearing stage ; but the 
study of vegetative characters has given encouraging results and 
indicated the future lines of work. 

(a) The following four schemes oi hybridization were taken 
up in the year 1932-33 : — 

Scheme /• — Cychc crosses between parents with live 
economic characters, viz., (a) High yield,- (fa) High female flower 
production, (c) High setting percentage, (d) Thick meat and (e) 
Big uze of nut. 

Scheme II . — Reciprocal crosses between parents with high 
female fliower production and high setting (in Scheme I all tlie 
parents selected were high yielders, while in this scheme, the 
yields alone were not taken into consideration). 

Scheme III . — Crosses between regularly bearing and irre- 
gularly bearing parents. The object was to find out whether the 
high yielding nature of irregular bearers could be combined with 
the regular bearers. Only the ordinarj' West Coast tall type of 
trees were used for these three schemes. 

Scheme IV. — ^Inter-varietal crosses between the ordinary- 
tall as the mother and the dwarf as the father were attempted. 
The object was to find out whether the early bearing nature of 
tlie dwarf and good nut characters of the tall could be combined 
in the progeny. Earliness of bearing will reduce the cost of culti- 
vation. 

The hybrid nuts were planted in the nursery and were studied 
in detail. In Scheme 1 a few naturally pollinated and selfed nuts 
were also planted for comparison. Progenies of high ..ettiug 
mother were distinctly superior in respect of early germination. 
Progenies of Tall x Dwarf crosses gave very high percentage ot 
oariy germination and the total germination was cent per cent. 
The progenies were planted at Nilesbwar II in 1934 to 1936. 
(Plate 48.) 

A detailed study based on the vegetative cbaracfers of the 
seedlings under Scheme I was made. The conclusions were that 
self fertilization was not likely to be of benefit in coconut breeding, 
as in no instance did the selfed seedlings prove superior to the 
CTosses, and that hybrid vigour could be induced in the coconut, 
this finding opened a new path in coconut improvement. The 
presence of distinct hybrid vigour in Tall x Dwarf progenies possi- 
bly resolti]^ from the combination of the characters of two 
distinct varieties was noticed. 

The Tall x Dwarf progenies were the earliest to flower, i.e., 
in j!onr years alter planting. 13ie yield performance of these t^ 
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has been recorded. Most of them are in l^e initial st^e of beatmg. 
Details of flowering and yield are given in the following 


Soheme. 

Parent flowed 
lUl the end Sr 
194S. 

A^erege per ^ la 1949, 
Hale. Fenude flowere. 

I 

$32 

8 

‘3$ 

11 

31‘4 

4 

46 

Ill 

. . 

. . 

• • 

IV (T«u X Dwarf) . . 

88*8 

$7 

845 


The following yiel4 data of the self and naturally poUinated 
progenies in Scheme I show that the crosses are the best and the 
selfed progenies the poorest : — 


Cross * . 
Natural 
Self • . 


Atnersge per in 1949. 

Nuti. Female flowers. 

6 

3 24 

2 17 


The performance of the prc^enies in 1949 is as follows 

Progenies of Scheme I are fairly good. Crosses involving 
thick meat and high female production are more vigorous than 
the rest. Seedlings under Scheme II are poor and those under 
Scheme III are disappointing as only four out of 40 have flowered. 
The Tall X Dwarf hybrids continue to be outstanding. These are 
early bearers with high yield and good quality of copra and are 
therefore in great demand by the public. 

(6) Under .the Scheme of Research on Coconuts in Madras, 
financed jointly by the State Government and the Indian Council 
of Agricultural il^search first and later by the Indian Central 
Coconut Committee, a detailed study of progenies obtained by self, 
natural and controlled cross-pollination of trees belonging to six 
yield groups was made. A total of 108 parent trees were selected 
and the nuts obtained by the three methods of {wllination were 
planted in the nursery in 1940. A study of over 2,500 one-year 
old seedlings indicated that in respect of number of leaves, height 
and girth at collar crosses and naturally pollinated seedlings were 
miperior to those obtained by self-pollination. There was also a 
general indication that seedlings obtained from higher yield groups 
were more vigorous than those from lower yield groups. 

As pw the recommendations of the Advisory Board of t he , 
Indian Cotmcil of Agri(mltural Besearch an area of about i2'5 acres 
was specially acquired and 750 of the progenies were }ilanitM af 
Nileshwar II in 1942. .These are being (^sMired for the vSnons 
characters reUting to growtb,^ TbO 'progcBiiea ars atid oik^' 
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A few of them commenced flowering in 1947. The performance of 
the seedlings in 1949 is given in the following table : — 


Partlou]*rt. 











( 1 ) 


it) it) ( 4 ) ( 5 ) < 6 ) ( 7 ) 


(i) YUU groups— 
Abova 120 oota . . 
From 101-120 nuta 
From 81-100 nuta 


00-2 10-7 420-3 

6M 10-4 8049 

60 0 0-0 400-4 


98-2 

.’>8-0 

21 

97-0 

67-8 

24 

99-2 

6ft-8 

16 


Fnan 01- 80 nuta .. 02-4 9-1 419 1 97-6 66-7 16 

From 41- 00 nuts . . fiS-O 10-4 418-6 99-9 58-1 14 

40andbalow 40nata .. 68-0 8 5 807-6 80 9 53-7 8 


(ii) lltfhod of poUination — 

(1) Cross .. .. 69-6 10 4 413-5 08-9 67-6 38 

(2) Natural .. .. 62-6 9-9 410-4 97-2 67-4 34 

(8) Balf 63-1 9-1 389-6 94-7 &6-0 27 

Judged from the above data it is found that seedlings obtained by 
self-pollination and those obtained from low yielding groups parti- 
cularly those yielding 40 and below 40 nuts per tree per year are 
less vigorous than the crosses, the naturals and tlie high yielding 
noups. Seedlings obtained by cross-pollination and those obtained 
from parent trees yielding above 80 nuts per tree per year can be 
regarded as the best. 

(c) Inter-varietal crosses between Tall x Pwarf having given 
encouraging results, fre^ crosses were made between promising 
world varieties to find out whether the progenies show hybrid 
vigour and combine desirable characters. The exotic varieties and 
forms utilized for the work were (\)cliin China. New Guinea. 
Philippines, Straits Settlements, Laccadive, Java, Fiji and Dwarf 
varieties. The area available for fresh planting being very liiuited 
only a few selected crosses were planted irr 1943 and subsequent 
years at Nileshwar II. From a study of the vegetative characters 
it may be stated that the following crosses are vigorous : — 

(i) Laccadive x Chowghat Dwarf. 

(ii) Straits Settlements x Andaman Dwarf. 


Coconut producU — (o) Copra . — The copra content of the nut 
varies considerably in different seasons and localities. The average 
cqf8« content per nut on the West Coast is about 1/Srd lb. and 
fl,260 nuts gwierally yield a ton of copra. In Godavari and Mysore 
about 8,600 nuts are required to make a ton of copra. But in 
Ceylon and Malaya 4,800 and 4,200 nuts respectively yield a ton of 

S ra. In order to make copra, the nuts are husked', broken into 
res and dried in the sun for four or five days. The best grade 
of copra is obtained by sun-drying for about seven days ; the copra 
made during the rainy season by smoking over a fire place is of 
hiferior qut^ty being sooty, and the oil expressed from it being 
tidtnttod and omofling of smoko. 



vmom of taa ttfitABfMSKf o» kamatjhtvitM, uamaa 

(i) Factors vahich affect copra coident. — (1) The age of the 
palm does not affect the copra content of the nut. 

(2) The yield of copra per nut is high during the sum- 
mer months of February to May because of the large sized nuts 
harvested during the period, and it is low in the months of August 
to November. 

(3) The annual variation in the outturn of copra per 
nut is negligible. 

(4) The yield of copra is not related to soil types. 

(6) Manuring was noted to increase the copra content 
per nut and this effect was marked with complete manu^ (N.P.K.) 
cattle manure and green manures. 

(6) The copra content of the nut appears to be an 
inherent, varietal character. High yielding eco-types had less 
copra per nut than poor yielders. 

(7) Copra is generally made both from nuts immediately 
after harvest or after storing them for varying periods. Storing 
the nuts for two or three months gives three to five per cent more 
copra. During storage a large percentage of immature nuts get 
spoilt than the mature ones. Storing for nine to twelve months is 
practised in the manufacture of ball copra when the loss due to 
spoilage and germination is about five per cent. 

(8) The relationship between the copra content of the 
nut and the various morphological characters studied, revealed that 
the copra content of nuts from trees having compact and sphericM 
crowns, w'as more than that from trees with loose spherical crowns, 
and that spheroid nuts contained the largest and the linear nuts 
the minimum quantity of copra. The other characters studied, 
viz., length of leaf, length of leaf attachment, length of petiole, 
rate of leaf production, production of female flowers and colour of 
the nut were not related to the copra content. Thicker petiole was 
associated with higher copra content of the nut. 

(9) The maximum copra content was obtained from fully 
mature nuts, i.e., 12 months after pollination. Harvesting when 
they are 11, 10 and nine months old reduced the outturn of copra 
by six, 16 and 33 per cent respectively. 

(10) The quality of copra was good in 11 and 12 months 
old nuts and poor in less mature ones. 

(ii) Copra kiln . — In 1945 a model, lO-acre Malayan copra 
kiln, was constructed with cheap materials like mud and coconut 
leaf thatch at a cost of Bs. 10 with the object of producing 
during the rainy months when son drying is not possible. The 
quality of the copra produced was fur and the cost of manufactur- 
ing it from 100 nuts was Be. 0-11-9 as against Be. 0- 4 — 5 required 
for sun^drying. CJopra was ready in four days of ten hours drying 
per day. Each charge of 50 nuts required 400 coconut 
(halves) for fuel. 

(iii) Copra storage . — ^When well dried copra is stored in 
dry and well ventilated rooms there, is practically no loss. Bnl 
various types of moulds grow on copra which is not well dned 
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and white (Bhizopus sp.) moulds were the common ones though 
other species have been noticed occasionally. A study of the 
development of free fatty acids in mould-free copra inoculated with 
the pure strains of hve different moulds and kept under optimum 
conditions for mould development showed that ABpergillus niger 
was the most damaging followed by the yellowish white mould 
Hhizopus nigricans. Least damage was caused by the yellow-green 
mould Aspergillus oryzcs. Copra damaged by moulds usually gave 
high percentage of oil. In the case of Aspergillus niger infection, 
within a peri^ of 50 days, 33 per cent of non-fatty portion was 
found lost, but the loss in oil was only three per cent. This differ- 
ential action is responsible for the apparent increase in the oil 
percentage. Mould attack is confined to the inner surface of copra 
which contains comparatively less percentage of oil. The quality 
of deteriorated copra can be improved through storage in weU 
ventilated godowns. The actidity is then reduced and moulds fall 
off as dust. If storage for a long period is necessary, copra should 
be periodically dried in the sun. 

(6) Coconut oil. — The oil is obtained by crushing copra in 
country chekkus, rotary mills or exjiellers. The average off con- 
tent in the West Coast copra is about 70 pepr cent by either extrao- 
tion but only 54 — 58 per cent is extracted by chekkus and 62 — 65 
per cent by mills. Oil extracted from good copra is clear, and 
keeps longer in storage without developing ranci^ty. 

(i) Factors which affect oil content, — (1) No correlation 
was found between the age of the palm and the oil content of the 
nut. 

(2) The percentage of oil in copra is high during the 
cold season — ^November to February — ^when the production of 
c(^ra is low. But the outturn of oil per nut is high in the summer 
months due to the increased outturn of cop’-a per nut during this 
period. Based on this finding it is recommended that nuts harvested 
ill the summer months be preferred for copra-making to those of 
the cold months which may be disposed of as whole outs. 

(3) Annual variations in the percentage of oil and varia- 
tions due to soil types are neghgible. 

(4) Application of manures, especially ammonium sul- 
phate, increases the yield of off. 

(6) The relationship between the off conteni of copra and 
the morphological character of the tree was studied. The percen- 
tage of off showed a tendency to increase as the length of leaf, 
length of petiole, length and breadth attachment of petiole to the 
trunk wd the thickness of the petiole increased. Bate of leaf arnt 
female flower production, type of the crown and colour of the nut 
had no rdationship with the oil content of copra. 

(6) Oil percentage in the immature nuts is generally 
m<xe by about two or three per cent, but the total quantity of 
is low as the copra content for such nuts is also low when compared 
with mature nuts. Thus the loss of oil per nut is six, 16 and 88 
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,^iP.oeni in ll,.teo and nine months old nuts. There is a decrease 
ih the oil content of copra when ll and 12 rnoutlis old nuts are 
stqred^ while it increases in the nioe months old nuts. 

(7) There is not much difference in the free fatty acid 
OQOtent of oil obtained from mature and immature nuts but if 
the nuts are stored for one or two months before making copra the 
acidi ty increases rapidly in the case of immature nuis. 

(8) The copra of medium bearers appears to have the 
maximum percentage of oil. 

(ii) Storage of oil. — Preliminary studies on the deterioration 
oli coconut oil as affected by containers used for storage were carried 
out with chekku and mill oil. It was found that tins appeared 
more suitable than coloured transparent bottles. Oil stored in blue 
transparent bottles deteriorated at a much faster rate than oil 
stored in amber, green and colourless bottles. Mill oil was in 
general found to possess better keeping quality than chekku oil- 
A tendency for a slight reduction in the value of the refractive 
index during storage was in evidence. 

(iii) Grade staudarde fpr copra and coconut oil. — ^As a 
preliminary to the drawing up of grade standards for copra and 
coconut oil a detailed investigation of the various quality factors 
of copra and oil samples collected from impoilant producing and 
assembling centres in India was undertaken at the instance of the 
Indian Central Coconut Committee. A total of 125 samples of 
mil ling cup copra, 94 samples of edible cups, 80 of edible balls, 
69 samples of mill oil and 34 samples of chekku oil were analysed. 
The important observations made are the following ; — 

Milling cuup copra. — The West Coast cup copra appeared 
to be better' than the Travancore cups in all respects. July sea- 
sonal. samples had a higher oil content and acid value than the 
other three seasonal samples. 

Edible cup copra. — ^The oil content and acid values irf 
edible, cups were slightly lower than those of the milling cups from 
the same region. Among the varieties in the edible grade ' Madras 
Nottam ’ hi^ a lower oil content and acid value than ‘ iJilpasand ’ 
variety. The samples from different territories registered dehmte 
differences. The Godavari samples were generally smaller than 
those of the other three regions (West Coast, Travancore and 
Tanjore). The acid value and oil content were liigher in the case 
of. the West Coast and Travancore samples than those of the other 
inw) Mgkms. 

Ball copra.— There was variation m size only among the 
different grades. The other quality factors did not exhibit, any 
marked differences. 

Cocomt.pU.T^h4kku oil samples had , in generaU a h'gto 
acid value, highw refractive index, and lower saponification value 
file mil! off samples. From the available data it was not 
ipessihfe to draw d^ite conclusions on the seasonal and tr^ 
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Based on the results of analyses, suitable grade standards have 
be«i wiggested for copra and coconut oil. 

(c) Coconut cake. — ^About 35 per cent of the weight of copra 
crashed remains behind as cake. This is used as a concentrated 
food for cattle on the west coast. In the Madras State the demand 
for the cake outside the west coast is negligible. 

(d) Coir . — Coir is the fil)fe obtained by beating retter coconut 
husks. A variety of articles such as yarn, ro|>es, mats, brushes, 
bags, etc., are manufactured from the fibre. Generally green husks 
are preferred for coir manufacture as they give fibre of good colour. 
The husks are heaped in pits near saline back-waters for retting, 
which is complete in about nine to ten months. The fibre is 
separated by beating with wooden mallets. The outturn of fibre 
from the husk of 100 nuts is about 17 lb. 

(i) Coir studies. — With a view to finding out the outturn 
and quality of coir from nuts of different maturity an experiment 
was started in 1939. Nuts of 12, 11, 10 and 9 months of age 
were utilized for the study and the quality and the quantity of 
fibre obtained were studied. The results which are summarized 
in the following indicate that 11 months old nuts are the best for 
coir making : — 

(1) There was not much difference in the weight of coir 
obtained from the nuts of the different maturity. 

(2) Best coloured fibre was obtained from the husks of 
10 and 11 months old nuts, while 12 months old nuts gave fibre 
of dark colour. 

(3) Fibres from 12 months old nuts were significantly 
shorter than those of 10 and 11 months old nut-s. No perceptible 
differences were noted in respect of thickness in the different age 
groups. 

(4) Yarn made from the fibre of' the four age groups 
showed that the tensile strength was the lowest in the 12 months’ 
old nuts and highest in the 11 months group. 

(5) Since retting for a period of 12 months imder condi- 
tions obtaining at Kasaragod was found to result in dark coloured 
fibre due to over-retting, particularly in the younger age groups, 
retting for 9 months w’as recommended to be the optimum. 
Differences in tensile strength due to varying periods of retting 
were negligible. 

(ii) Resistance to decay of coir yam. — Coir yam obtained 
from the husks of four age groups was retted for 6, 9 and 12 
mon^B and the coir obtained was twisted into yam. This yam 
was stAqected to four treatments, viz. : — 

(t) Immersed in sea water, (2) immersed in fresh vruier, 
(3) exposed to sun and rain and (4) kept in shade, and the tensile, 
strength of the yarn so treated was determined at the end of three, 
9, 9 and X2 months of' treatment. The results indicated that ihe 
redtie^n in tensile strsaigth is lowest in yam kept in diade, and 
maximum in yam expo^ to sun and rain, and the longer 
period of treatment the greater is the decay. 
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<m) Commercial grades of coir yam. — Coir yam marketed 
in the difierent parts of South India is found to vasy ooaaiderably 
in quality. Twenty-four samples of important grades of yam 
obtained from representative centres were studied. It was found 
that there was no marked difference in the length of fibres in the 
yam obtained from the different centres. Travancore samples were 
&er and thinner in quality. Samples from Godavari wwe generally 
of poor quali^ being coarse and of deep brown colour with 
considerable quantity of pith attached to the fibres. (Plate 44.) 

(iv) Maturity of the nut in relation to copra, oil and coir . — 
B^arvesting of nuts before they are fully mature, i.e., 12 months 
old, is the usual practice in the back-water areas of the west coast, 
where coir making is an important cottage industry. This is 
because green husks obtained from immature nuts are supposed to 
yield good qualify and quantity of fibres and consequently such 
husks fetch a better price. Copra, oil and coir are the important 
products which bring in a good return to the coconut grower. An 
investigation into the quality and quantity of copra, oil and fibre 
from nuts of different maturity was undertaken. As already stated 
earlier harvesting of 11, 10 and 9 months old nuts resulted in 
a loss of 6, 16 and 33 per cent of copra and oil. From the point 
of view of quality and quantity of coir, husks of 11 months old 
nuts are the best, 12 months old husks being definitely unsuitable. 
Taking all factors into consideration harvesting nuts when they are 
11 mon&s old is the best in tracts where coir making is an impor- 
tant industry. The harvest of less mature nuts is definitely 
undesirable as the loss in copra and oil is considerable and there is 
nothing to be gained either by way of increased outturn or better 
quality of fibre from such immature outs. 

Tapping. — Tapping is the process of drawing the sweet juice 
from the spathes (unopened, infiorescences) of the coconut. Three 
weeks from the commencement of tapping the juice begins to flow 
and lasts for about a month. There are two seasons for tapping, 
i.e., April to October and November to March and generally the 
trees are t^ped for one season only. Vigorous trees may i e tap]^ 
rarely for two years continuously. All the spathes produced during 
the period are tf^iped sucbessively. 

(a) There is considerable variation in the yield of juice from 
day to day, season to season, ^adiz to spadix and tree to tree. 
The avenge yield ot juice per tree is about 3| lb. per day and the 
maximum quantity is obtained in the third month of tapping but 
the minimum which is dq)endent on the season of tapping is 
re|curded in the months of Septendier to December. The total yield 
of juice per spadix varies from 3| to 7| galloas; yields are high in 
May-June and low in Octoher-November season. 

(b) Ctontmuons tapfifig' of trees under dry cultivatioB to 
ihore than six mcmlhs may not be pcotodile as there vmold be 
large variations with firequent low yk^. For dry looallKN 
topping should be oonfiiMd (mly to the rainy mtmtoe of the yWNT* 
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(c) Correlations worked out revealed the existence of high 
relationship between the yield of juice and the number of nuts lu 
a tree. 

(d) Tapping increases the yield of poor bearers only in the 
post-tapping period and this effect lasts for about four years. 

(e) Forms Laccadive ordinary, Andaman ordinary and Lacca- 
dive small were the best for tapping, the yield of juice being 
nearly double that of the west coast tall variety. Andaman giant, 
Siam and Spikeless did not yield any juice in spite of contmued 
tapping. 

(/) The outturn of jaggery varies from 12-4 to 15-8 per cent 
of the juice. Generally large outturn of jaggery is obtained in 
February-March, and it is low in July-Augusi. 

(jf) Effect of tapping on trees producing barren nuts was 
discussed in an earlier section. 

PesU and diseases . — The details of the pests and diseases 
affecting the coconut and their control measures are dealt with in 
Chajiters 22 and 23. 

Part played by the Coconut Research Stations . — ^Besearch work 
on the important problems pertaining to the coconut has been in 
progress in Madras for nearly two decades and results of consider- 
able economic importance have been achieved. This State can 
well cluitn and be proud of the fact that it has been a pioneer in 
ccK'onut research among all the coconut growing countries in the 
world. 

It may be seen from the foregoing sections that a detailed study 
of the palm characters and the anatomical studies have given valu- 
able information. The factors affecting growth, yield, etc., have 
been studied and the results of considerable practical value have 
been obtained. Cultural experiments have shown the importance 
of regular cultivation of the coconut gardens. Manures required 
to obtain maximum yields have been determined and their econo- 
•rais dosage fixed. A schedule of the proper cultural and manu- 
rial operations for a coconut plantation has been drawn and by 
adopting it the yields at the coconut stations have been consider- 
ably increased and maintained at a high level. A new green 
manure crop eminently suited for cultivation in coconut gardens 
has been isolated. The standard of selection of parent trees, seed- 
nuts and finally the seedlings and nursery practices were perfected 
after years of research. The Indian Central Coconut Committee 
has been adopting the standards fixed in the nursery schemes sanc- 
tioned in the different States. Improvement of the coconut by 
hybridization has been taken up. A collection and study of the 
exotic varieties of the coconut has been made, and economic types 
®Qited for propagation and breeding work were fixed. Much 
work has been done on the coconut products of commercial 
importance, viz., copra, oil and coir and the results achieved are 
of economic impmtamoe not only to the cultivator but also to the 
l^mde. Attention has also been bestowed on the control of the 
posts and diseases of the coconut. 
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Beaearob is oecessanly a oontisuons prooow. Though much 
work has been carried out, much more remains to be done. TIm 
cultural and manurial treatments advocated have not been tested 
in the other imf^rtant coconut regions the State, namely, the 
Circars and Tanjore district. These regions have aum^ons local 
problems which can be handled only by opening regional stations. 
The breeding work has to be intensified and the resisting prc^eniee 
tested in the different tracts. Cultural and manurial experimente 
have to be conducted with a view to improving the present {uac- 
tices and devising more economical systems, farther research on 
the various problems still awaiting soluticm wonld yield practical 
results which should benefit the ryot and the State as well. 



CHAPTER 8. 

FRUITS. 

Plaee of fruits in nations agricultural economy— Heed for Increaih 
Ing area— History of fruit research in Madra^Frult Stations* 

' Buriiar, Coonoor* Kodnr and Aduthural— Propagation of 

improved fndt plmits— Fruit canning and preservatton. 

Worir on individual fruits— The Ma-ngo ana, climate, soil, 

variehd introduction and trials— Off-season bearers— Standardi- 
zation— Evolution of strtins, selection, hybridlzatton— Agro- 
nomic experiments— InareUng, side and root grafting, bnddhig, 
top-worUng — Comparison of methods— Hormone treatment— 
Pruning— Cropping and harvest. Citrus Jmits : Production, 
area and climate, soil— Varietal introduction and trials— 
Sweet orange— Handarin-Limo— Lemon— Pummelo—^nQ>e 

fruit— Citron— Kumquat— Sour orange— Vadlapudi— Strains 

evolved— Rootstocks— Nursery practices— Irrigation, numur- 

ing — Harvest — Yields— Fntit products. 

Bartam : Production — ^Importance— Varietal introduction and 

trials— Agronomic work— Transplanting and other cnltivation 
practices — Ripening, storage and luoduelts— Varieties in Madras 
State. 

Grape : Area, climate, soil, cultivation and agronomic trials. Fig : 
Varietal introduction uid trials. Pomegranate : Varietal intro- 
duction and trials. Papaya ; Varieties, strains evolved, seleetion, 
hybridisation, agronomic trials, storage and products, varietal 
and other trials on miscellaneous fruits, sapota, jack, ^eaM>le, 
guava, Sisyphus, muskmeltm, water melon, mangosteen, 
durian, UtehC avacado pear, carambola, rose-apple, starapple^ 
gooseberry, bread fruit, woodapple. Bill fruits : Evolution of 
strains and agronomic trials, ^p4e, plum, pear, peach, persim- 
mon, strawberry. Cape gooeebeny, passion fru^ apiioot, and 
walnut. 

Fruit growing is one of the most fascinating branches of 
agriculture. Besides being remunerative, it contributes in a 
measure to satisfy the aesthetic requirements of rural life by the 
live touch with individual plants, dear to the grower by their 
attractive appearance and exquisite taste of the fiuits. Fruits are 
well known as protective foods supplying valuable vitamins and 
minerals, besides pectin and cellulose. Most fruits yield much 
mm'e from a unit area than several agricultural crops and thus help 
in meeting the food shortage in the country as subsidiary foods. 

Thus an extension of the area under fruits is very important 
and will promote the counti’y’s health and wealth. Besides, it 
will open -out the way for several dependent industries which can 
contribute to the prosperity of the nation. 

Fortunately, Madras has been favourably placed for fruit pro- 
4uctkm in India nert only in extent and produotiem W also » 
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excellence of quality. The fruits grown, consist of many distantly 
related kinds and varieties. They are grown in a wide range <x 
conditions of climate, soil and water-supply in tropical and tem- 
perate areas in the hills as well as in the plains and as rain-fed 
07irrigsted cr(^. 

This favourable condition for many kinds of fruit, is one reason 
for a very large increase in area and production iu recent years. 
There is great scope for improving the fruit industry especially 
in respect of mangoes, citrus,, banana and other tropical fruits. 

But the fruit growing industry in Sooth India has also its 
limitations. Most of our fruits are produced from seedling groves 
wMch are highly variable. Owing to the indiscriminate choice 
of the variety, and the lack of selection of the parent tree by most 
growers the production of choice fruits is low and has led to high 
cost uid scarcity. Planting orchards in uncongeniid sites has 
often been the cause of many a failure as seen in the alarming 
decUne of the seedling Yadlapudi oranges over hundreds of acres 
in the Circars. Added to this are the harmful cultural, manurial, 
irrigational and^pruning practices which have been prevalent owing 
to ignorance and the lack of codified information of an authorita- 
tive nature at the disposal of the growers. 

It has been the endeavour of the department to obtain know- 
ledge through research and impart advice and guidance to growers 
on the intr^uction of new kinds and varieties of fruits, the correct 
propagational technique, scientific methods of cultivation, harvest- 
ing, transporting and preserving of the several fruits. 

Fruit investigation in Madras may be said to have taken its 
beginning when the Burliar Fruit Station in the Nilgiris was 
opened in 1871, followed later by the- establishment in 1900 of 
the fVnit Station at Eallar at the foot of the Nil^s. Both these 
stations were mainly intended for variety testmg, i.e., to find 
out the kinds and varieties of fruits, spices and other hoitioultural 
crops of possible economic value that can best be grown under 
the humid tropical conditions which exist in the lower elevations 
ranging from 1,400 to 3,600 feet above mean sea level in the hilly 
tracts oi South India. During their long period of existence, they 
have provided a trial ground for almost aU kinds of fruits, ^ices, 
beverage and other plantation (^ps peculiar to these elevations. 

Work at higher elevations was taken up when the Fruit Sta^n 
at Coonoor was started in 1920 primarify to test the suitability 
of temperate fruits and other horticoltural crops to the elevation 
of 5,5(K) feet above sea level. As a further step, detailed scien- 
tific investigations were also carried out on the various aspects ci 
fruit like pruning, training, tlunning, manuring, other orcluad 
practices and several propagational methods. 

During 1930 a scheme fo^ <^>enisg two reseanh staticna 
—one for the hills and the other for tiie phdnT-^was sabmltied 
to the Bnperial (now Indian) Ciounofl of Agrfoultaral Beteanh for 
sanctioh. Ihe oh^ of the ststo m the liibi vnw extenrina 
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ft commercial scale of improved bill fruits from Coouoor and re- 
search thereon. The object of the station on the plains was mainl; 
to improve the major fruits such as mango and citrus in quality 
and yield and for other miscellaneous work like control of insect 
pests and improvement of marketing. 

The Fruit Sub-Committee recommended in 1931 that the plains 
scheme was the more important and should be proceeded with 
for the present with a giant of Bs. 66,064 to the Madras Govern- 
ment who accepted the grant and opened the Fruit Besearcb 
Station at £odur in 1935. 

The station comprised initially an area of 50*53 acres and later 
an area of about 16*82 acres was acquired in a separate site in 
1948 for the extension of certain rootstock trials. It is situated 
in the village of Anantharajupet, Bajampet taluk, Cuddapah dis- 
trict, and is in the heart of the citrus and mango tract. 

From the inception of this station till the end of 1943, the 
work consisted mainly in investigations on the propagation of 
the main fruits, multiplication of plant material, lay-out of the 
several long-range experiments and collection of primary data. 
After 1943 the scientific activities were enlarged to growth studies, 
yield performances, rootstock trials, orchard practices and other 
subsidiary experiments of interest. 

The Sub-Committee for Agricultural Development of the Pro- 
vincial Economic Council, recommended the extension of fruit 
research in more areas. In September 1937 Government started 
experimental fruit culture at the Agricultural Besearch Stations 
in Anakapalle and Guntur. The latest addition to fruit research 
is the Banana Besearch Station opened in Adutburai in June 1949 
under a scheme sanctioned by the Indian Council of Agricultural 
Besearch. 


Pbopaoation of Improved Fbott Plahts. 

In this State as in the rest of India, the importance of propa- 
gation of plants from selected trees is not adeciuately realised 
except in Government nurseries. Partly due to this fact, and 
partly b^use of the difficulty experienced by the nurserymen in 
general in seeming scion material from best trees, the propagation 
of plmts is being carried out indiscriminately, bringing about pro- 
gressive deterioration in the bearing and other desirable qualities 
of the trees planted in the orchard and in the uneconomic condi- 
tion in many plantations. 

Often the practioe of selling plants under false varietal names 
is unfortunately widely resorted to, and the grower has to gamble 
for the purefanse of fruit plants. Instances are numerous of the 
dirappointment of the growers at finding out after seven or 
eight years oi waiting, that the plants nursed for such a long 
pmod were nmther troe to the type nor profitable bearers. In 
TOe csise of penoanent on^ like ^its, such disappointments did 
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irreparable harm and created in iac^^eMiuied gvdms coiudcleewble 
loss to the growers. 

To remedy this defect, and to improve the fruit industry the 
Fruit Specialist recommended in December 1936, that a few 
nurseries be opened in representative tracts by the Government, 
for the sale of reliable plants of good parentage at a reasonable 
cost to help the establishment of tbe future orchards on a mcure 
secure and profitable basis. Tbe Government sanctioned in 1998 
tbe opening of Departmental Firuit Nurseries at Kodur ^and 
Taliparamba for one year. Both the nurseries have been very 
popular. A number of advance indents for plants were registered 
and several nurseries have sprung up in their vicinity, employing 
largely the technique evolved at these stations. 

Fbuit Canning and Prbsebvation. 

It is well known that some kinds of fruit are of indifferent 
or inferior quality, and do not therefore find a ready and profitable 
market. Even among the superior varieties and tjqies of fruits, 
tbe indiscriminate raising of plantations has made it difficult in 
the peak period to dispose of the produce raised at such centres. 
Alarming fall in prices occurred in some of the extensively grown 
varieties also, when 'the production became surplus in pre-war 
years. 

For utilizing such surplus, the canning and fruit products 
mdustry offers a suitable and profitable outlet. 

Such a step is also nec^sary to off-set tlie increasing imports 
of fruit products into the country and meet from our supplies the 
increasing demand for fruit products of standardized quality. As 
in other States of India, the consumption of synthetic beverages 
of no dietetic value in Madras is very large and there is every scope 
for diverting this demand towards xruit beverages of more health- 
ful qualities in the form of juices, cordials, squashes and carbonated 
fruit drinks. 

There is scope for mango, banana and citrus i^ucts, to find 
a ready sale in South Indian markets. These fruits are different 
from those grown in other pots of Idie world and therefore free 
from competition from products manufactured abroad. Further 
the cost of production of mangoes and some citrus and bananas 
raised under rain-fed conditiom in South India is so low that tbe 
produce from these is likely to be available far industrial utiliza- 
tion at competitive prices. These varionti factors provide very 
favourable eo^itions fmr the dsVeloiatttBt at these and other fruit 
products in Maffims povidsd the (|BaIUy of products is improved 
and standardized. The need for tibi derdepmsnt of ■oanning and 
fruit product industry m this State lias bedii realized both by the 
Government and by some ot tim i&dastrialtBts. The Gevwnmeiit 
have agreed to git% Statevud to Sto *' IjMya Caltmng Induttries, 
Limits, Vijayavada,” whish i$ aMjmhtkunag eanoed maiigosii 
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«ad fooit fiquat^es of difierent kinds. A very large company, 
probably the largest in India, known as the “India Fruits, 
idmited,’’ has also been floated near Bajahmundry. One large 
factory near Oalioot and about four other factories on a smaller 
scale have also commenced work, while a number of concerns are 
being started for the manufacture of fruit products. 

Trials on the canning of certain fruits and preparation of certain 
fruit products have been in progress at Kodur from the year 1937 
and some trials were also conducted formerly at the Government 
Fruit Preservation Institute, Coonoor. 

Experiments carried out at Koduru indicated that Madras had 
many facilities for the manufacture of a variety of fruit products, 
which if developed could be of very great benefit to the fruit 
growing industry not only in this State but also to some of the 
neighbouring regions. Several enquiries have been made from 
time to time for information on the technique of manufacture of 
products from various fruits grown in this State and requiring 
technical guidance. To meet this pressing need, the Fruit Pro- 
ducts Eesearch Laboratory was sanction^ in 1942 and regular 
work started with the appointment of a Bio-chejuist in May 1943 
at Kodur. 

Although the most important fruits locally available were limes, 
lemons, oranges and mangoes, research work was extended to otlier 
fruits also like pineapples, guava, hill fruits and wild fruits such 
as woodapple, Carissa carandas and jaman fruit. The preliminary 
results being very encouraging, steps were taken to secure large 
scale canning, juice and jam machinery from abroad, and intro- 
duce a number of changes into the methods and by taking up work 
on newer aspects. Several of the products standardized in the 
Fruit Products Besemoh Laboratory have been released for sale 
in a limited way to gauge public opinion which has been quite 
favourable. Products have been sold locally at Madras and at 
various exhibitions throughout the province. As a result of this 
developmental work, numerous enquiries were received from 
interested persons regarding processes, economics, advice and guid- 
ance in starting small scale fruit preservation concerns in different 
parts of the Presidency. To meet, to a certain extent, the de- 
mand for trained personnel for the industry, a three months’ 
oouroe of practical training in fruit canning and preservation was 
started in 1945. Twenty-three candidates have undergone this 
fining so far and some of them are already in the industry. 

Public interest in fruit preservation has been created through 
jgractioal denaonstrations, radio talks and popular publications. 
Beoently, five lady fruit preservation demonstrators have been 
BBiployM to give practical demonstrations on fruit preservation at 
girls’ acbook and oollagea, women's institnteB and dubs, etc. 

The Fn^ Products Ord«r, 1948, which is an enactment of 
-fee Govemmort of India was handed over to the Agricultural 
Ikpaitmeut for e£^«nt adminittration from March 1949. The 
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object of this order is to improve the hygienic ponditions of the frail 
preservation factories in jlndia'and to see that the products are 
up to prescribed standards in every way. Since taking over, much 
headway has been made in achieving these Fn**" objects. 

Based on the results of work done so far it is proposed to 
manufacture certain standard products like canned mangoes, orange 
squash, lime squash, lune juice cordial, simide as well as mix^ 
fruit jams, passion fruit squash, etc., on a fairly large scale using 
commercial scale equipment. The major part of the machinery 
has been got already and this will be insteUed soon. 

Soil Subvey fob Fbuits. 

For the last two decades a definite trend towards extension of 
orchards has been noted in this State on account of increase in 
demand, due to war conditions. Orchards have been planted in- 
discriminately in all available sites. A scheme was, therefore, 
sanctioned early in 1946 for conducting soil survey in the Ceded 
Districts for fruit development where the extension was most 
rapid. An account of this soil survey work will be found in the 
chapter on soils. 

The work done on individual fruits is suouuarized below : — 
Mango {Mangijera indica). 

Mango is the fruit par excellence of India. Owing to its high 
adaptability to different types of soils, the cheapness of its culture, 
its high yields and extremely delicious table qualities, it has been 
cultivated extensively in our country from time immemorial. 

Production and importance . — The ares under mango in the 
State of Madras is roughly 250,000 acres or about 50 per cent 
of the total area under cultivated fruits. The annual production 
is approximately 855,000 tons of which about 21,200 tons are 
exported outside the State mainly to Bengal, the Punjab and 
Bombay and in a smaller measure to Burma, Ceylon and Straita 
Settlements. 

The chief centres of mango production in the State are the 
districts of Malabo with 50, 000 SOTes, Visakbapatnom with 

40.000 acres, East Godavari with 80,000 acres, Ghittoor with ewer 

25.000 acres and North Aroot and Cuddapah diatariotB with about 

14.000 acres each. (Plate 46.) 

Climate and soil— Mango is found to grow even at elevationB 
of 4,000 feet above sea levd, but beyond 8,000 feet, trees are not 
of commercial importance, but ue mainly tteown as a shade for 
some spice crops. Heavy rains during the fruit matnrii^ period, 
which occur in the west ooaAt at the oommeneement of the sou^- 
west monsoon, are destructive to tdto mAngo’ crop, and ^ is one 
of the reasoDs why late variulieB iWd to mature snooessfidly in 
%t part of ^ country, in ganenl, dry waathor and cMQeae 
sky at flowemig and jEruit ripwaii^ |«gk>dB bdip orop aiae. 8t«i(hia 
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at Kodur on four varieties of mango have shown that dry .summers 
help the shoots to get the desired rest period for a successful fruit 
bud initiation, and that a dry season preceding the emergence of 
blossom, which will induce early cessation of growth, gives a good 
crop. The early Reduction of mangoes in the west coast is partly 
due to the early cessation of growth, owing to the very low rain- 
fall in the north-east monsoon. The off-season production of 
mangoes in parts of Tamilnad is similarly an effect of the seasons. 
There are a few varieties in South India which can and do produce 
up to five successive crops of flowers if the previous ones are 
destroyed due to ravages of nature. 

Mango adapts itself to a wide range of soils in the Tlains. It 
has, however, a preference for deep well-drained soils which are 
moderately fertile. In highly fertile soils it has a tendency to 
put on luxuriant vegetative growth at the expense of fruitmg. 
In poor stony soils, the trees are often dwarfed, and appear very 
sickly, though usually bearing a crop heavier than what they seem 
capable of. Occasionally trees are met with on apparently rocky 
soils attainmg huge size and yielding well. This is due to the 
uniform texture of the soil underlying the interrupted bed of rocks 
above, through which the roots penetrate. Mango is, however, 
sensitive to sudden variation of soil texture within small depths. 
This is the reason why in many soils where heavy sub-soils are 
overlaid by a layer of lighter soil, mango has often failed. Mango 
has been cultivated in almost pure sand along the coast. Under 
such conditions liberal manuring and copious watering, till the 
roots strike a moisture layer, are very important. Except under 
such circumstances mango is not usually irrigated because of the 
high foraging capacity of its roots. 

Varietal introductions and trials — (o) Polyembryony . — A very 
large number of mango trees is still raised from seed. Being cross- 
pollinated, the plants raised from seeds of a particular variety are 
almost always sure to turn out to be different from the parent. 
In certain varieties, however, a single seed of mango gives rise to 
more than one seedling only one of which is likely to be the result 
of sexual union. Often the sexual seedling is smothered by the 
asexual seedlings. Such asexual seedlings which arise from the 
nucellar tissue of the embryo are true to the mother plant in 
varietal characteristics in the same manner as a plant raised from 
a cutting or a layer from the mother plant. This phenomenon, 
called polyembryony, has been noted in about ten races of mango 
in our State of which Olour of the west coast is best known. This 
Varidfy has, therefore, maintained the purity of characters through 
generations of seed propagation. But in the case of monoembryo- 
nic varieties, the choice qualities cannot be preserved and the seed- 
pffopagated plants cannot be called varieties. Occasionally a good 
seedling may be perpetuated by vegetative propagation as a new 
variety. Such a process having taken place through the agea, 
tiiere are over 860 varieties of mango in our State alone. But not 
all of them «re of exceptional merit; nor prolific yielders; nor 
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regular bearers and, therefore, not all suited to commercial orchard* 
ing. A study of detailed ^rfonoance undertaken in a renuiuera* 
live orchard at Kodor havmg l,63i2 trees showed that out ctf ^ 
25 varieties, Neelum and Baugolora were the only two which 
accounted for the favourable balance sheet of the orchardr 

(5) Off-season hearers. — ^In addition to the varieties reputed 
to be off-season bearers included in the variety collection, some 
varieties as well as grafts from trees that have exhibited this 
character have been collected and planted at the Fruit Besearch 
Station. It was revealed that tlie so-called Baramasi types were 
not dependable off-season bearers. It is also reported that the 
grafts from individual tree selections have ‘ failed to produce 
regular off-season crop of considerable bulk as expected.' Owing 
to the peculiar seasonal conditions existing In the southern parts 
of Tamilnad, several varieties grown in this tract give an off-season 
crop of appreciable size. Peter and BanesJtan have been often 
observed to produce bloom in the off-season at Coimbatore. At 
Kodur, Amb^vi, a variety from Ceylon, had produced five crops 
of blossom between September and the following May, and Neelum, 
Kintalamnipeta, Manoranjan and Willard produced three crops of 
blossoms. It is also reported that the clon^ progenies cd an off- 
season bearing tree at Tenali behaved like the parent in the same 
district. The facts seem to point out that off-season bearing, though 
mainly a varietal character, is induced by favouredile seasonal and 
climatic influences. 

The variety testing and selection of varieties for an orchard 
can only hold good for that particular region , as the regions of South 
India vary so widely in their climate. For a knowledge of the 
performance of standard varieties in the several orchards spread 
over the country, a survey type of investgation to determine 
varietal performance under a multiplicity of conditions from parents 
of known performamce is necessary. Accordingly a scheme was 
sanctioned appointing a whole-time assistant for the work for a 
period of one year from February ^949. The survey proved help- 
ful in bringing out the most mHous defects in the prevalent method 
of establishment, stocldi^ an management of orchards and in 
fcMrmulating a set of guides to fruit pincers to avoid .such defects. 
It was also posnble to recommend difibrent varieties and kinds of 
fniitg suited to each region. For instance, although the mango 
appeared to be thriving in a rainfall range from about 20 inches 
to 150 inches per annum, there was difference in respect of varietal 
suitability. 'Varieties like Btrmett Atphanso were suited to 
rainfidl areas, while mid and Uito season varieties were suited to the 
rest of the State. 

(c) StandardixaUon of vari^tiei , — Selection and distrihutioia' 
of varieties and parent trees would be of little value, however, if 
they do not conform to a standardised description and nomencla- 
ture. Chance seedling peri>etuated> as oboes have cdten be^ 
given fanciful variety names by totraerymen. At |HM«ent A 




(.1 layonl at Fruit liesmrch Station, Kodur,) 
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great deal of confusion prevails in the names of varieties, the 

variety going often under several synonyms in the different 
growing tracts, while some distinctly different varieties are 
brouglit under one and the same name. The supply by nupBeryuieu 
of plants under wroug^ varietal names leads consequently to a great 
deal of avoidable waste of efforts and money. In order to provide 
a unifoim description of varieties and nomenclature in the mango, 
Government sanctioned in 1936 a scheme for taxanomical studies 
of fruits. These studies have enabled not only the -accurate descrip- 
tion of all the commercial mango varieties of South India but also 
the selection of the most suitable for extended cultivation in each 
i-egiun. A monograph on the classification and nomenclature has 
been pi'epared which is being issued as a separate publication. The 
key drawn up helps to distinguish varieties at all times of the year 
and from the nursery to the bearing stage in the procurement of 
genuine nursery stock. 

Evolution of strains and varieties — (a) By selection . — Varieties 
originated in mango as chance seedlings in nature when they were 
spotted and |)erpetuated by vegetative propagation. All the present 
trees of any variety are thus supposed to have originated as clones 
from a single parent tree of that type which might have arisen as 
a chance seedling. The original parent trees of Mundappa in 
Mangalore and Chinna Suvamarekha in Visakhapatnam district 
are said to be still alive. 

Among the monoembryonic seedling mango trees planted 
at liodor, some seedlings of appreciable qualities have been spotted 
and have been selected for perpetuation. They are K.O.'s 22, 16, 
11, 7 and 6 of which the K.O.s 22 and 11 were best. 

The clonal propagation of the varieties is likely to lead 
several people to think that once a variety is chosen, grafts from 
one tree are as good as those from any other. The accepted 
theories of heritability of characters through genes lead us to think 
that this should be so. But obseiAations on several kinds and 
varieties of fruits in different parts of the world, however, indi- 
cate that there can be variability within the clones which will be 
transmitted to their vegetative progeny. The orchard efficiency 
analysis in an orchard near Kodur has also brought this out clearly. 
During the four years 1936-39, only one single tree ou? of 1,632 
bearing ones produced heavy crop of flowers in all the four years 
c-onsistently. Heavy fruiting trees formed only 2-6 per cent of 
the orchard, while the percentage of trees that put up a poor 
performance in all the four years was as high as 83 0 in Andrews, 
84-2Tn Mulgoa, 39-6 in Bangalora, and 35-5 in Neelnm. On the 
other hand, every single tree of all the vegetative progeny of a 
single selected tree of Neelnm and another selected tree of Banga- 
lora, yielded during the first three years of bearing. Besides, 
twenty Himayvddin grafts supplied from the Sugarcane Besearch 
Station, Anakapalle, in 1943 averaged 250 to 300 fruits per tree, 
which is a striking departure from the general performance of most 
of (he trees of the variety, which is known to be a shy bearer. 
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These ' instances indicate that maintenance ctf tree reoor^ 
and selection of the parent trees on their basis will gradually eli> 
minate the astonishingly large proportion of oon-bearing trees tiwt 
occupy our orchards consequent on the indisturiminate pundiase of 
plants without ascertaining the parentage. At the Fruit Besearoh 
Station, Eodur, individual rec(n*ds of over 100 varieties have been 
maintained with the purpose of propagating only the high yielding 
trees of each veuriety. 

By hybridization. — ^If we w^e to depend upon the selection 
of chance seedlings for producing the ‘ ideal ’ mango variety, say, 
one having the taste of the exquisite Jahangir, the beautiful colour 
of Suvamarekha or Janardatiapasand and the prolificity and regular 
bearing nature of Neelutn, it will take a very long time and the 
chances are that we may never come across one. To combine all 
these desirable characters now dispersed in a number of varieties, 
hybridization has to be undertaken. This work has been taken up 
at the Fruit Besearch Station, Kodur, since 1935. From the 13,523 
crosses so far made, 98 seedling progenies resulted and have been 
planted out in the field for study of characters. Out of them 24 
progenies have fruited so far. The following seven crosses have 
proved worthy of being multiplied as promising types : — 

(1) Neelum x Himayuddin (3/1). (6) ChinnaawMrnaire}^ X 

(2) Do. (7/5). Jehangir (11/13). 

(3) Do. (3/3). (7) Bangalora x Mamptur 

(4) Neehm x Yerramulgoa (2/11). Baneshan (4/3). 

(6) Do. (2/13). 

Certain varieties tended to give a greater percentage of set 
with the pollen of certain other varieties, indicating the need for 
proper poUenizers. For example, Panchadara Kalasa appears to 
be a compatible pollenizer for Neelum, Bangalora, Banethan and 
Suvamarekha, and Baneshan for Neelum, Bangalora and Jehangir, 

It was also observed that there were greaf variations in floral 
structures from variety to variety and of these shorter style length 
and lower ratio of style length to stamen length, seemed to be 
associated with better fruit set through open pollination. A posi- 
tive relation existed between the percentage of perfect flowers and 
the number of fruits carried to maturity per panicle. 

Parthenocarpy did not appear to be a cmnmon feature of 
mango and this fact coupled wi^ the affinity of some varieties 
for the pollen of certain others indicates 4he need for further study 
regarding compatibility. 

(b) Other methods.— Tba improvttDarat at standar d i s a tion ot 
the quality of a variety by meaiis ol suitidtie rootstocks does not 
strictly come under the heM ' evoluticm cj strains ’. But in bccfio 
cultural crops which are j^psgated by budding or grti^ngi tiM 
effect of the rootstock on tile yMd ^ the produce of * 

variety is so cmisistent that it is Wety inpofluit. 
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The usual rootstock used for mango is the monoembryonic 
seedling of unknown parentage. The stones are collected from 
wy where and sown in the nursery. It is no wonder that large 
Vitiations are found even amongst cloves of the same trees pro- 
pagated on these non-descript seedlings. 

Experiments conducted to minimize this variability resulting 
from the rootstock have shown a striking indication of the scion 
vigour on poly embryonic seedling rootstock, such trees showing 
conspicuously larger growth than those grafted on monoembryomc 
rootstocks* 

A method of root-grafting has been developed to suit the 
mango which will reduce to the minimum the variability due to 
the rootstock by altogether eliminating the rootstock stem. 

Shy bearing is invariably associated with the superior 
fruiting mangoes of South India. To find out if, through double- 
working and the employment of a regular high-jielding variety 
as the intermediate stem piece, yields could be increased in the 
ultimate scion, a small trial was initiated in 1940. Eecords of 
blossom and fruit crops have shown that on the basis of blossom 
crop alone, the double- worked trees display better performance 
than the single-worked trees in many varieties. The results with 
regard to fruit crop are as yet inconclusive. 

Agronomic trials otkd expert motis — Purser y ijraeliccs , — Nursery 
is aptly called the cradle of the orchard. Even in selected parent 
trees, defects in the nursery technique might eventually produce 
plants which are too weak to bear any crop. The perfection of 
nursery practices is therefore a very important step in the progress 
of our fruit-growing industry* 

Several experiments had been conducted at Kodur covering 
all the details of propagation and some of the more important 
results are summarized below : — 

Inarching . — ^Inarching is the most common method of 
propagating the fruit in this State and is not likely to be superseded 
for a very long time to come because of the ease with which even 
a comparatively unskilled workman can graft by this method. So 
some trials have been undertaken at Kodur to make this method 
more economical and to increase the efficiency. 

Sowing of mango stones with plumule pointing upward 
was found to produce seedlings with straight taproot and stem 
both of which features facilitate tlie inarching and root-grafting 
operations. Although shelled stone produced straighter taproot 
and stem than unshelJed ones and also helped in the elimination 
of diseased or worm-infested stones, it was not advantageous 
beeause of poor germination and of the expensiveness of shelling. 
Grading of fruit or stone was not useful, as neither plant vigour 
Oor germination was dependent on the size of the fruit or stone. 

Transplanting six-month old mango seedlings with naked 
^ts was found to be a feasible operation if done in January in 
made after ^ortening the roots to nine inches. Defoliation of 
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mango seedlings about seven to nine days {nrior £o tbeir lifting 
from seed beds has been found to reduce the casualties. Placing 
of potted seedlings together in a trench and letting in ligation 
water at an interval of three to five days is more economical than 
hand watering individual pots daily. Young seedlings of eftn 
four and a half months age can be inarched successfully. July to 
September was found to be the optimum and June the worst period 
for inarching Keelum. 

It was found that the age of rootstocks did not materially 
affect the growth of the trees in the orchard, at least within the age 
group included in this trial, i.e., 10^ months to 16| months. In 
a trial conducted at TaUpai'amba, the length of graft joint was 
found to be of no importance. The optimum period from the 
date of inarciiing to that of separation from scion parent varied 
with different varieties. Rumani required four months while. 
Neelum and Dangalora required only three months. The sepa- 
rated grafts could be planted in the orchard in November— Pebruaiy 
immediately after. The usual method of inarching has also some 
disadvantages, the chief among them being that the parent trees 
could be close to the nursery. It is also not economical to pot- 
water all the rootstock seedUngs attached to the tree at different 
levels. If devices could be perfected by which the scion wood 
could be carried to the nursery, it would be a great saving for the 
nursery men and eventually to the grower. 

A device called the ‘ grafting pot stand ’ (plate 48) has been 
made at the Fruit liesearch Station, Xodur, which economised the 
cost of inarching by providing a cheap means of lifting the root- 
stock seedling to the scion branch. 


The following gives the results of budding trials made at 
the Fruit liesearch Station, Kodur (plate 49): — 

Flap budding. — This method gave a success of 62 pet 
^nt in 1937 on Neelum variety. The technique is the standard 
Forkert method. 


. Patch budding. A success of 79 ’45 per cent was reported 
by this method. r w 

Shield budding. — This method gave a success of 88*66 
I»r cent on 12 months’ old rootstocks with Neelum scions. AU 
these methods have been successful with budwood preserved for 
three to five days after separation from the scion pwent. 

.. Side grafting.— The terminal shoots of past season’s 

^ovrth which have not yet become fully mature and assumed jQie 

selected and all leaves up to four inches 
5? * while still on ttie tree leavimr 

or intose mnlight oiing wbo shoot, of 
ftsmelor or over. Tho mooths of Ootobor wd Nor^ M 




rffitP 4S — (hnftinq pot sinP'L 

Fiqiirc shr.n's ftow li hctfiq U'^ol of I'Otious plcvulfGHs — Ivoduy* 





UIMOXBS OF TfiS D£FABT1&^7 OF AOBICULTUBF, 331 

therefore proved to be the best months though the operation could 
be done between July and December. At Taliparamba it was 
observed that tipping the rootstock soon after grafting induced 
earlier sprouting of the scion. Varietal influence on the success 
was also noted. At Kodur, Jehangir^ Himayuddin, Khodat^ 
BaneshaUf Mulgoa, Alampur Baneshan, Runiani and Neelum gave 
a good take in yepternber while in November and December all 
the above varieties recorded a lower take. Peter recorded a low 
* take ’ in both the seasons. It was also found that scion wood 
obtained from long distances three to five days after separation 
from the scion parent could also be succesfully employed. 

Root grafting. — The form of root grafting known as 
behch-grafting is not suitable for evergreens which have no 
dormancy. Therefore a novel method of root grafting by inarch* 
ing has been perfected at Kodur. This consisted in lifting one- 
year old seedlings on a cool day in rainy season and potting them 
immediately close to the edge of the pot. On this edge a U or V. 
shaped notch about *2 inches deep and 1 inch wide is made. At the 
time of potting the seedling a root piece of about 3 inches in length 
close to the collar of the plant was made to project out through the 
abewe notch. After a month wdien the seedling had established 
itself, the scion shoot was inarched in the usual manner to the 
projecting root piece l)eluw’ the collar. The success of the method 
was high on the basis of the number of plants on which the 
operation had actually been made. But if the seedlings in the 
bed are considered, the success was only about 23 per cent, as 
several seedlings died while repotting them to expose 3 inches of 
sub-collar region. So the method has to he further j)erfected before 
adoption as a nursery practice, (Plate 50.) 

Top tvorking. — The usual method of top w'orking is by 
pruning the tree of its main hmbs and inarcliing to the new shoots 
that arise scions which have been previously grafted on seedlings 
in pots. In the West Coast a method of insertion under the bark 
of scion wood eight inches long pre-cured as for side-grafting is 
in common use and has given very high success in trials aS 
Taliparamba. 

Comparison of grafting methods.— A study of root graft- 
ing, inarching and double-working in relation to orchard perform- 
ance of the tree has shown that the inarched plants and root grafts 
of Bangalora and Neelum were best in height, bat in resp^t of 
tree spread and scion-stem circumference no significant differences 
were evident between any of the treatments. Analysis of fruit 
yields in number showed that Neelum is significantly superior to 
BmgaloTa while on the basis of fruit weight, Bangalora inarched 
and rool grafts were the best'. 

Seedlings and grafts planted in different months, from 
May to October and subjected to ' Mailing ’ method of layering 
failed to produce roots at bases of the fresh shoots even aft^ two 
years. Planting of mango cuttings did not succeed at the station* 
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An ocoasional rooting was observed by using cinctured cuttings 
but it did not offer any hopes of getting a fair percentage of success. 

Treatment with Hortomone, A. — A proprietary product 
of the Imperial Chemical Industries and B-indolyl acetic acid tried 
as hormones, merely showed evidence of formation of root initials 
in a few cases, hlo successful method of obtaining clonal root- 
stocks in mango has so far been got. 

Culture and inter-cropping . — ^From experience on the 
Fruit Research Btatibn, Kodur, it is suggested that inter-cropping 
with vegetables or leguminous crops in 'the early stages may be 
made, as this will not only bring extra remuneration but also keep 
down weeds. When the tree has attained bearing age, it is 
suggested that one or two ploughings or hand diggings may be 
given. Occasional green manurmg can also be done. 

It is a general practice, especially in Circars to give a 
deep ploughing to mango gardens in October-November or early 
December, as this is supposed to arrest the growth and induce 
formation of flower buds. Borne growers remove the soil round 
the trunks exposing the roots to a depth of 12 inches for two or 
three weeks early in December with the same objective. Trials 
conducted at Kodur in 1944 on this practice showed no difference 
between the treated and untreated trees of the same age and 
variety. This might be due to different circumstances in different 
regions. But root pruning is, however, not advisable until its use 
is d^nitely indicated by further trials. 

Pruning . — No pruning is done to the mango in our 
country. But considering that it is a terminal bearer and that 
other Mnds of fruit trees, especially deciduous ones with the same 
habit, benefit by tipping the shoots, i.e., removal of the terminal 
portion of the leader shoots, this treatment was given for 25 
selected shoots in a small trial at Kodur. But the results showed 
ihst 36 per cent of the shoots died of the treatment and over 60 
per cent of the shoots produced four growth flushes on the year 
aft^ the treatment in the year. So this treatment is not satis - 
factory because of the high mortality of shoots and increased 
vegetative growth. It may also be pointed out that since mango 
bears its fruits predominantly on leader shoots the treatment will 
not be of immediate benefit. 

A similar trial was conducted on mango limbs of aj^zi- 
mately two inches in diameter in three periods January, June and 
Noveinber. One batch was pruned at the tip to an approximate 
length of 24 inche.s and another hateh was pruned to the middle. 
K was observed that in January-pruning there was no diffamKH* 
between the two treatments. In June and November-pruniofli 
centre pruning induced earlier and more abundant vegetativeiSI 
than tip-pruning and in June-pruning the tree had a more prokaub. 
ed period. With regard to blossom bud formation, fc 

both the cuiront season as wdl as in subsequent seasons, cwtre^ 
pruning ip June wan bettor. As, however, heavy yields ait 
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MHSOciated with dense foliage, praning does not seem to be called 
for except to correct the form and stature of the tree in varieties 
which tend to branch low and irregularly. 

‘ Binging ’ and ‘ girdling ’ which also constitute a form 
of pruning have been the subject of a few trials at Kodur, It has 
been reported that ringing mango shoots in August by removing 
} inch, of bark has effectively increased the bearing of mango at 
Sabour in Bihar. 

Experiments at Kodur on different methods of ringing 
showed that it is not possible to commend the practice. 

Cropping and harvest . — Some grafts and budded plants 
commence to bear a few fniits even in the second year while 
usually they commence to bear about the fifth year. Seedhngs 
conunence bearing a little later, about the sixth year. Polyem- 
bryonic seedlings are observed to be as early as grafts or budded 
plants. A normal crop can however be expected about the twelfth 
year in grafts while seedlings may yield similar crops about the 
fifteenth year. 

The season of flowering in the West Coast is usually in 
December about a month in advance of other regions. At Kodur 
it was observed that flowering commenced any time between 
November and January depending upon the season. In years when 
the north-east monsorm is rather prolonged, flowering tends to be 
delayed. 

The season of harvest in the West Coast commences in 
February-March and peak harve-sts are obtained in April-May; 
it is April to July in the Circars and May to August in the rest of 
the State. 

Tile peculiar conditions of climate and the existence of 
certain varieties adopted to the climate in South India are res- 
ponsible for the unique feature of off-season production. These 
varieties, especially Neelim are capable of producing several waves 
of blossoms. In certain Tamil districts off-season bearing occurs 
from September to January. 

One of the important problems in mango production 
is the low yield of choice fruiting varieties. During the investiga- 
tion of the problem it was observed that the cause was a low 
percentage of perfect flowers. Double-working them with inter- 
mediate stem piece of a prolific ATiriety, as has been mentioned 
already, only increased the blossoms with no appreciable increase 
in crop site. The matter needs further study. 

An important problem in mango production causing 
much concern to the producers is the frequent occurrence of lean 
years. It has been suggested by several workers in the north that 
ma.^0 is subject to alternate bearing or to the phenomenon of 
periodicity of bearing. Several studies had been undertaken at' 
Kodur to Investigate this problem and the conclusions may be 
ramraanzed m below. 
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At Kodur the growth in important commercial rarietiei 
of Neelum, Bangalora and Bon^shan is characterised by two 
distinct active phases, one occurring from February to June and 
the other in October-November. Minor flushes had been also 
observed mainly in December. The flushes occur in February, 
June and November at Taliparamba. The amount of exlension 
growth, the duration of growth {^ase and the time of cessation 
of growth vary with varieties and also in the same variety from 
season to season. No cyclic growth tendency was noted from 
year to year but the growth depended on the previous performance 
of the shoots. Shoots that had flowered in the previous season or 
more especially those that carried fruits to maturity, usually put 
forth much less extension and fewer laterals than |hose that had 
not. Flowers were borne largely on shoots which had emerged in 
the' February flush of the previous year and could complete their 
growth in June provided that the north-east monsoon was not 
unusually wet. Leaders that had carried fruits to maturity in the 
previous year were not likely to bear flowers m the following seasons, 
because of their low extension growth. It was also observed that 
while leader shoots were important for their large proportion that 
flower, the laterals were important owing to their larger numbers. 
It was also observed that some varieties like Neelum and Chinna- 
suvarnarekha produced flowers and fruits on laterals of the 
October-November flush, in the season immediately following. 

In regard to the length of shoots, it was found that those 
of medium length were the most productive in the following 
season. 

With the aid of the above ob.servations, it is possible to 
give some suggestions to increase productivity and regular bearing 
in our orchards. 

Our orchards should be planted to varieties which are 
known to be regular and prolific yielders. Grafts from trees whose 
performance has been recorded to be satisfactory over a period of 
at least four years should be employed. Such cultural and irri- 
gational practices as would promote a vigorous growth in the firs! 
flush but help cessation of growth before June and again in Octoher- 
Noverabc-r should be adopted in orchards. 

The use of hormones to prevent fruit-shed was fried on 
a small scale. ‘ P.P.L. ’ Tomato set, a proprietary product, was 
fried by spraying the panicles in three shy bearing mango varieties, 
but the beneficial influence was felt only on fruit-set and not on 
the. final stand on the tree. 

The yields of mango depend on Ibe tree variety and 
seasonal factors. To go by the nnmber (rf fruits per tree will Im 
misguiding because smaller fruits are home in more abun&nt 
numbers; for instance, tree No. 23/5 of Paoharisi yielded in the 
season 1946-46, 3,356 fruits which weighed only 487 lb. while 
tree No. 8/3, supplied as Mulgoa (Chittoor);' yielded oply 1^0 
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fruits which weighed as high as 659 lb. It was remarkable ttat 
all ihe 26 trees listed as best yielders of the year were of medium 
or poor quality. 

Mango products . — The usual product from mango prepared in 
this country is the dehydrated pulp which is called ‘ Tandra ’ in 
the vernacular. The colour and consistency of this product varies 
with the conditions under which it has been prepared and the 
success with which dirt has been kept olf while sun-drying the 
product. 

Since the opening of the Fruit Products Laboratory other 
methods of preservation of the fruit have been perfected. Of the 
important commercial varieties of mangoes, Neelum, Baneshan 
and Mulgoa preserved well in syrup of 40-45° Brix in plain or 
lacquered cans exhausted for 10 minutes at 185-190* F. The 
canned products keep well for more than one and a half years in 
storage. There is thus scope for the commercial canning of 
mangoes in the State. Hydrogen swell formation in canned 
mangoes, however, has to be studied more critically. 

Mango jam . — All important commercial varieties of mangoes 
including the Bangalora are suitable for making jam. The fruit 
to sugar ratio is 1 :3 and the addition of 0-5 per cent tartaric acid 
is desirable. 

Mang(» chutney of the sweet type has been prepared and found 
to be a good product. 

Present mango research and the future . — At the Fruit Eesearch 
Station, Kodur, variety testing and collection of polyembryonic 
and off-season bearing mangoes has been undertaken. The several 
propagational methods have been thoroughly tried and the technique 
improved. Double working, using prolific intermediate sfem 
pieces, has been under observation to induce prolificity in shy 
bearing varieties. The use of polyembrjmnic rootstocks to induce 
uniformity and vigour has been established. The several varieties 
in the State have all been described and their correct variefal 
position determined so that the confusion of names has been 
minimized to some extent. Controlled pollination studies have 
produced crosses of outstanding merit which are in great demand 
from growers. 

At Taliparamba, varietal studies have enabled the selection of 
early, midseason, and late varieties of mango suited to the tract, 
viz., Olour, Bennet .ilphamo, Alphanso, Peter, Chendrakaran , 
Kalepad. Neelum and Mundappa. Several trials were made with 
inarching to make the method cheaper. The use of hill grass to 
hold plants instead of pots was considerablv more economical. 
Side grafting was not ideally suited to the west coast. A method 
of top working by insertion or slotted side grafting has heen 
perfected. 

The mango is n perennial crop which takes eight to ten years 
for economic beirinj find the systematic research on the frqit 
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ik^omenced only about a docade and a half ago. The above i* % 
recced of work done and the results achiev^ during the 
period. But much remains to be done to bring the fruit to a pori- 
tion which it rightly deserves not only because of its vast area but 
also due to the existence of many choice varieties. 

Uniformity is of prime importance for mangoes Md ^orts 
should be taken towards this end. The nurseries which have a 
great part to play in this matter ^ould be brought under control 
and made to adopt improved practices. They should adopt the 
nomenclature evolved at the Fruit Besearch Station, Kodur, and 
describe the variety before giving a name to it. They sbo^ 
maintain performance records of parent trees from which sdon 
wood is obtained, so that these are available for perusal. The 
employment of polyembryonic mango seedling as root stock should 
also be encouraged. 

More off-season bearing varieties of trees should be collected 
and their behaviour studied under varied conditions of climate 
and soil and also fhe inheritance of this character by the clones. 

Hybridisation blending economic characters especially those 
noted in single trees as against the varietal characters, should be 
undertaken for the creation of better strains. 

It will be profitable to study the performance of the 39 other 
species of Mangifera as rootsocks for the superior varieties. 
Collection of these species may be made for this purpose. 

The studies of blossom biology so far made have thrown fresh 
light on the problem of irregular bearing. Work on cultural and 
other practices meant to promote regular bearing is likely to result 
in a great benefit to the growers. 

CiTBUs Pruits. 

Citrus fruits have been known in India for so long a Erne that 
it is held to be tfie home of some species. The lime and certain 
types of lemons were thus known but the tight jacket oranges are 
of TOmparatively recent introduction. There has been a growing 
realization on the part of the consumers as well as growers of the 
importance of citrus fruits and during the last few decades the 
area under oranges, especially in this Sfate has considerably 
increased. The preparation of squashes from these fruits is a 
flourishing industry even in India and is likely to enjoy tnore 
popularity in the future. 

Productiw.— -It is reported that the area under citrus fruits 
in 1947-48 in this State was about 46,000 acres comprising roughly 
15,000 acres under sweet oranges. 16,600 acres under Vadlapuoi 
oranges and 14,000 acres under other citrus types. The total 
annual production has been estimated as 21,000 tons of sweet 
oranges, 39.600 of limes, 10,400 of loose jackets, 16..300 of Vadith 
1 ^d% oranges and 8,600 of other types. Madras is rated as tile 
leading citrus producing State in India witii 36 per cent of the 
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total area in India and Pakistan put together. The State used to 
expcurt annually to other parts of India under 1,300 tons of sweet 
oranges and about 4,200 tons of limes. Nevertheless it also import- 
ed 6,600 tons of loose jacket oranges from Mysore, Coorg and 
Ma&ya Pradesh. 

Crimate and soil , — ^The citrus group includes several fruite 
which have different climatic and soil requirements. Sweet 
m’anges have been found to be thriving successfully in the arid 
fdains of the State such as are met with in Ceded districts. The 
loose jackets, on the other hand, have been successful in humid 
tracts with slightly higher elevations such as the agency tracts of 
Visakhapatnam and Godavari districts, Lower Palnis, foot of the 
Nilgiris, Yercaud Hill, Wynaad and Coorg. Limes are found 
throughout the plains, the frostless arid and hot climate having 
suited them best. Lemons seem to be very adaptable in their 
climatic requirements having been successfully grown bofh in the 
plains as well as in humid atmospheres. 

The effect of atmosphere on the sweet orange is reflected in 
the taste and appearance of fruit. In the more humid regions of 
Wynaad, Lower Palnis and Coorg, the fruits are insipid though 
juicy. Similarly, the fruits of Sathgudi at Kodur obtained in the 
main fruiting season in October to February are sweeter than 
those harvested in the off-season in August. It was also found 
on analysis that the brix-acid ratio gradually increased from August 
to Ihe end of the season in February. 

The influence of the season on the taste of fruit is also 
demonstrated by the Vadlapttdi orange of the Circars. It is not 

E alatable owing to extreme acidity during mosf part of the year, 
ut in summer, when low humidity and high temperature conditions 
prevail, it develops sweetness. 

Loose jacket oranges or mandarins have not been successful in 
the arid plains where they have failed to yield profilable crops. 

The preferences of citrus fruits to certain soils has been brought 
out very clearly through groat failure.s in some regions. The 
decline within a few years of planting of trees on the shallow rocky 
soils of Yercaud, the high mortality at a comparatively early age 
of Vetdlapudi oranges on the stiff soils with high water table in 
Guntur, and Krishna and the early decline of young orchards in 
the Kurnool district on soils with high water table are instances. 

In surveys of orchards conducted, swee? oranges were found 
not successful in areas where rainfall exceeded 1(W inches, while 
lenums were found to thrive in all parts of the province from sea 
level up to 6,000 feet above. Acid lime proved more adaptable 
than swe^ oranges, but showed relative intolerance to heavy rain- 
fall conditionB when compared |o lemon. 

One of the^ commonest defects associated with selection of rates 
was the sitoatmn of orchards where the water table was more than 
»* feet high frwn fhe surface. A good number of diseases and 
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peetB were also foimd to cause heavy recurring damage io orbhavd 
trees and crops. 

Farietoil introductions and trials . — ^There is much confusion ot 
names in the citrus group. Most of the workers had n<rt ^ven 
detailed attention to the several Indian ty|«8. As a preliminary 
step to clarify the position, and also to indicate the suitability ot 
the several types to local conditions, a large collection of planis 
from several regions with their regional names has been made at 
Kodur. This study is especially useful in clearing up confusion 
arising out of varied regional names being given to the same varied 
or species. 

Sweet orange {citrus sinensis ). — ^The most popular variety of 
sweet orange in the State is the Sathgudi which is grown mostly 
in the districts of C'uddapuh, Chittoor and Kurnool but is fad 
spreading to other parts, especially in Madurai and Tirunelveli 
and the Circars. The variety is said to have first gained promi- 
nence in the village of Sathgur in North Arcot district from where 
it spread to Ear\'etinagar and Nagari in Chittoor and later to 
Bajampet taluk in Cuddapah district where it has attained com- 
mercial importance. It is often known as Chinee (Cheeni) and 
fJagari orange. 

The next important commercial variety is the Batavian orange 
which was extensively grown in the Circars. It' gets its name from 
the supposed introduction from Batavia to Palacole in West 
Godavari district which was one of the early Dutch settlements. 
The fruits mature in rainy season and further the fruits get an early 
colouration due to the practice of basketing them against the fruit’ 
sucking moth. On account of these two causes the fruit quality 
is inferior £o Sathgudi. 

In parts of Kurnool district, a small area was occupied by 
Mosambi, also called Mussamhi or Muzambique orange, charac- 
terised by prominent streaks on the rind and a circular groove at 
the stigmatic end. 

It is learnt that Washington Navel has been introduced from 
Australia into some private gardens where if is reported to have 
failed to bear regularly and the fruits also were coarse, thick 
skinned and flavourless. Of the Navel oranges tried at Kodur the 
Buckeye Navel has been producing high yields of fruits of good 
quality. The Blood Red orange on the station also failed to develop 
the characteiistio colour of flesh. The Valencia Late, a normal 
smooth skinned sweet orange, yielded fruits of good quality, though, 
contrary to its reputation for late maturity, it did not keep fruits 
till after the normal harvest season. Delayed harvests are reported 
to have produced at Penagalur pithy and insipid fruits. 

From the present experience and study it is possible to 
recommend only Sathgudi for further extension in Madras. 

Mandarin (C. reticulata ). — ^The varietal praition of mandarins 
or loose skinned oranges grown in South India is still not clear. 
'While Tanaka thinks that all the South Indian ^rpes belong Sc ^0 
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Santhra group and are the same as the Chinese Ponkan, Webber 
does not accept this. “ There is no doubt, however, that the Kukal 
orange of some parts of Nilgiris is a distinct variety from the 
oranges grown at Eallar and Wynaad ” (Naik, 1948). The Nagpur 
Banthras are grown in such entirely different conditions of soil and 
climate from those of the South Indian types that it is possibly a 
different variety. It is also reported that there are differences in 
glucosidal contents of the several types of mandarins grown in 
India. The glucosidal content, work on which has been done at 
the Andhra University may help to classify the oranges. 

The mandarins are commercially being known after the region 
in which they are grown as Wynaad, Coorg, etc., except Kamala, 
which comes from the Agency tracts of ('■ircars. 

Lime (C. aurantifolia ) . — The usual lime grown all over the 
State is called the Kagzi lime. But it was observed in a survey 
that several bud strains are found in private orchards. One with 
a translucent skin with a slight mamilla and another without the 
mamilla were noted. Another ‘ hybrid ’ having red -fleshed pulp 
was noted at Madanapalle. But none of them have yet been 
compared with the Kagzi. 

Tahiti, a variety with nippled fruits having fewer seeds but less 
prolific than the Kagzi, has been tried at Kodur. It is also claimed 
to be resistant to the wither tip disease. 

The sweet limes occasionally met with in private gardens and 
also at the Pruit Eesearch Station, Kodur. are supposed to be 
hybrids. The so-called sweet lemons of Madurai, Malabar, Salem 
and Nilgiris, are also supposed to be hybrids. 

Lemon (C. Limon ). — Lemons are a new introduction into South 
India and have not yet made their mark m spite of the several 
virtues they possess, viz., they are adaptable to any region in the 
State; they bear practically throughout the year; they yield heavily 
fruits which are three times the size of lime, giving juice of the 
same acidity and taste as that of lime. 

Of the several varieties tried at Kodur, the following are 
recommended : — Seedless, l^epali Round, Italian, Napali Oblong, 
Lisbon, Eureka, Villafranca and Malta. The last named variety 
has been found to bear even from the second year of planting. 

Two forms of lemon, which are locRlly known as Addanimma, 
have been met with in some local orchards. At Kodur one tree 
of this variety yielded 1,248 fruits in the ninth year. 

A lemon whose leaves resemble those of acid lime, was locaiEed 
in a private orchard at Bajahmundry and has been designated as 
Rajahmundry lemon. It has yielded 603 fruits in the fifth year. 

Pwnmeh {C. grandis). — ^There are no specified varieties except 
those, which may be differentiated as red and white fleshed. 

Chnpefruit (C. paradisi). — Grapefruit is a novelty in South 
India and the bitterish taste may not be liked by the generality of 
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consumers. Several varieties have been tried at the Fruit Besearch 
Stations, Eodur and Eallar, as also in some private orchards. Ai 
£odur a seeded variety ‘ Poona \ and a seedless variety called 
‘ special ’ have given encouraging performance. At Sallar tiie 
varieties * Marsh ’ and ‘ Triumph ’ have produced moderate yields. 
But it is reported that in a private orchard at Penagalur in Cnd- 
dapah district, Triumph failed completely, while Marsh yielded 
up to 1,500 fruits per year. 

Citron (G. Medico). — Of the varieties of citron, the medicinal 
fruit, Mahalung and Bengal Citron have been promising. There 
is also a variety with large fruits weighing op to 8 lb. 11 oz. which 
IS called Hawaiian “ piimmelo 

Kumquat (Fortunella sp.). — ^No varietal comparision has been 
done on this fruit tree which is more popular as an oranamentation. 

Sour Orange (G. aurantium). — There are no varieties of sour 
c range which owing to their bitter taste are of no commercial 
importance. Some of them are however of value as rootstock owing 
to their resistance to some root and stem rot diseases. 

No fresh light has been thrown on the taxonomy of any of the 
foregoing kinds of fruit by the observations made at the station 
and therefore the classification and nomenclature advocated by 
Swingle has been in use even though it does not help to clarify 
the status of at least one of our commercial varieties, the Vadlapuai 
orange and also of Gajanimma, Dahha, Kichili and Billikichili and 
the like. Having missed mention in his great tratise on the 
subject, they are designated as hybrids as this is supposed to be 
simpler than adding to the confusion by adopting the specific 
names. 

Vadlapudi has gained a great prominence in Circars due to its 
sweetish pulp with acidic twang, its refreshing juice especially in 
summer and its medicinal properties. It has been extending fairly 
quickly though, unfortunately, on uncongenial soils. 

Evolution of strains — By selection. — Several' species of citrus, 
except the pumroelo, exhibit polyembryony and, often, the apoga^ 
mic seedlings smother the sexual seedlings which thus get 
eliminated in nature. This is the rason why there has not been 
appreciable deterioration in the quality of the Sathgudi or the loose 
jacket oranges which are grown on the hills, in spite of years of 
seed propagation. Nevertheless clonal propagation will further 
minimise the chances of variation and aLro enable tiie utilization 
of rootstock effect, which is no less important than hybridization, 
in the improvement of lEhe fruit quality and aze. Budded limes, 
whatever the rootstock, have yielded more than the seedlings in a 
trial at Eodur. Ever since the simple methods of vegetative propa* 
gation have been demonstrated at the Fruit Besearch Station, 
Eodur the demand for budded plants has increased and over 3lty 
nurseries have sprung up whi^ > adopt the methods of buddhai 
perfected af the station. 
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One of the advantages of vegetative propagation is the perpe- 
tuation of superior bud variations whenever they occur. In Citrus, 
bud sports or bud mutations commonly occur. Not all of them 
are desirable. It is as important to avoid inferior mutations as 
to perpetuate superior ones. Too often the inferior sports attract 
the attention of the ignorant by their more robust appearance. It 
is therefore of utmost importance to select bud wood from shoots 
whose performance has been observed at least for one season. 
Superior mutations have also to be spotted by careful observation. 

A pink fleshed Vadlapudi bud sport was spotted at Tenali 
by an extension worker and is now perpetuated as a bud strain. 
Search for desirable bud sports has been in progress and a few 
progenies are under examination. 

It has already been mentioned that a few limes with translu- 
cent skin have also been noted. 

No hybridization has yet been attempted in citrus fruits at 
our Fruit Stations. 

By other methods — (a) Rootstocks . — As has already been 
pointed out the determination of the right kmd of rootstock is as 
important in vegetatively propagated plants as selection or hybridi- 
zation in seed propagated plants for the improvement of a crop. 
Several kinds of rootstocks had been under trial for Suthgudi and 
acid lime during which several interesting facts came to light, all 
of which cannot be enumerated here for want of space. The saUent 
results may be summarised as follows : — 

(1) Sathgudi trees budded on acid lime, Gajanimma and 
rough lemon are most vigorous in growth, having produced the 
largest tree size in about nine years, while those on wood apple and 
loose skinned orange were the poorest in size. 

(2) Smooth bud union, which is a sign of compatibility, was 
found to a maximum in Sathgudi trees budded on Suthgudi, while 
disparity was greatest on wood apple and Kichili, with the trees on 
sour orange and pumraelo being intermediate. 

(3) Suthgudi trees on wood ajiple and Gajanimma yielded 
the earliest crop while the seedling trees are yet to reach the bearing 
stage. 

(4) Trees on Gajaniinma are the most susceptible to gum- 
mods and root rot diseases, especially in years of heavy rainfall. 

(6) With acid lime scion no appreciable differences in 
tree growth has occurred between rootstocks, though trees on rough 
lemon show the largest stem size, and the budded trees have 
clearly recorded larger tree size than the seedlings. 

(6) Smooth bud unions are associated with acid lime on 
acid lime, while the former <,n Gajanimma was unsuitable. 

(71' The budded acid lime trees have been clearly earlier 
tbwn the seedlings by about a year. 

(8) Acid lime trees on Gaianimmu , acid lime and rough 
lemon were good in the order given, in respect of heavy yielding 
c^ipaoities, while seedlings were the worst. 

(9) Add lime seedlings and budded trees on the samA 
rootstock were less affected by die-back and wither-tip diseases, 
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TV'hile the trees on Gajanimma showed the largest amount of dead 
wood on account of these diseases. 

It was found at £odur that till the eighth year of phuiting, 
the acid Ume budded trees on Gajanimma yielded 24,2^ fruits 
weighing 1,880 lb. per tree while the lime seedlings yielded in the 
same period only 13,890 fruits weighing 1,220 lb. per tree. These 
differences are so large that the acid lime growers should go in 
for budded plantations in preference to those of seedhngs, and 
particularly to plantations on Gajanimma rootstocks. 

It is unfortunately not possible to present similar results from 
Sathgudi orange rootstock trials, since these trials were vitiated by 
root-rot incidence to such an extent as to make the results unrehable. 

Sathgudi has been budded on rootstocks of other genera. Ip 
all cases the union has resulted in extreme incompatibility produc- 
ing early death on Aegle marmelos and early decline and stunted 
growth on Atalantia monophylla. Feronia eleplmntum (wood apple) 
has produced extremely dwarf trees with incompatible bud joints. 
It was however found to be very early and produced fruits of 
excellent quality, but the combination is not profitable for com- 
mercial planting. 

It is, therefore, advisable to utilize rough lemon as a rootstock 
for Sathgudi until another type is proved to be of merit at some 
later date. Sweet orange may be of value for the good quality 
fruits it produces from the commencement of bearing while acid 
lime may be of special merit in water logged conditions. 

It is reported that lemon layers do better than budded plants on 
rough lemon. 

Agronomic Trials and Experiments — Nursery practices. — Since 
most citrus species of possible rootstock value exhibit polyem- 
bryony, it has not been found necessary to attempt clonal propaga- 
tion of rootstock for uniformity. 

A trial was conducted in which the performance of Sathgu^ 
budded on seedlings of different thickness proved that the thickness 
of the seedlings had no effect on the resulting budhngs. In another 
trial in which Sathgudi was budded on seedlings of different kinds 
— ^those that germinated early or late or those that germinated in 
groups of more than one (apogamic seedlings), there was no signifi- 
cant difference between the keatments. 

The method suggested for raising the rootstocks adopted at 
the Fruit Eesearch Station is as follows : — 

The seeds, after extraction in such a manner as not to injure 
them, are washed free of pulp, dried in shade slightly and sown 
soon after on raised beds six inches high, with a spacing of one 
inch in the row and three inches between the rows. The seeds 
may ^ preserved, if necessary, for some time in tightly closed tins 
in powdered charcoal. The seeds germinate in about 20 days. 8ix 
to nine months later the seedlings ate lifted with naked roots and 
transplanted into beds with a imacing of 9 to 12 inches in the tow 
and' 18 to 24 inches between the tows. At this s^e weak, Un- 
healthy and undersized seedlings are rogued out which incidentally 
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eliminates any sexual seedlings that may suri^ve. The seedlings 
are irrigated immediately after planting. 

A nursery transplanter has been devised at the Fruit Besearch 
Station which not only reduces the damge at the time trans- 
planting the seedlings but also results in great economy since one 
individual can plant with its aid, an mcreased number in a given 
time. 

No further selection of vigorous seediugs is felt necessary in 
the second nursery except to eUminate the very slow growing ones 
which do not attain bnddable size even after 24 months. 

The method of budding adopted for citrus plants is the shield 
method [either T or inverted T (Jt) method] . Trials to work out 
the correct budding technique conducted gave the following 
results ; — 

(1) Presence of a very thin slice of wood in Sathgudi orange 
and acid lime bud shield has produced a significantly higher ‘ take ’ 
than absence of wood. 

(2) Primary lopping of citrus rootstocks lowered (he bud 
‘ take ’ in some cases. 

(3) Primary lopping of citrus rootstocks at the time of bud 
insertion stimulated an earlier bud break both in Sathgudi orange 
and acid lime. 

(4) Delayed primary lopping of citrus rootstocks after the 
Sathgudi bud hi^ produced not less than two inches of extension 
growth resulted in a comparatively rapid extension growth of bud 
sprouts. 

(5) Presence or absence of wood in Sathgudi orange and 
acid lime bud shields did not affect the period taken for bud break 
or rapid extension grown of Sathgudi and acid lime bud sprouts. 

In the fruit nursery attached to the Fruit Besearch Station, 
budded plants of known merit are being distributed. The demand 
for the plants has been very great, orders being registered in 
Advance by two to three years, thus indicating the need for starting 
more munseries. 

Irrigation . — The mandarins which are grown in the humid parts 
of this State are not irrigated. But all other kinds w'hich are in 
arid regions require irrigations at frequent intervals. The common 
method of irrigating young trees is by the provision of round basins 
about six inches deep, the diameter varying with the age of the 
tree. Root studies at Kodur have indicated that only 30 per cent 
of the fibrous roots are found within the drip of the leaves. It 
was observed that Sathgudi orange on Gainnimma rootstock about 
24 months after bod insertion had a maximum root spread of 
about 18 feet. This clearly shows that the practice of applying 
irrigation water to a basin within the drip of the leaves is inade- 
quate. It has been recommended that the basins should be at leasf 
two to five feet beyond the drip of the leaves. It is also suggested 
that the basins should be six inches deep at the periphery and 
^pradually rise up towards the tree so that the trunk does not come 
in oontaot with water. The provision of an inner ring round the 
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tnink is found to oaase accumulation of water round the tree in 
rainy weather which is deleterious. The basins have to be widened 
as and when plants attain larger size. 

For grown up trees, the extended basin or check method of 
irrigation is recommended. Bunds are formed between the rows 
of trees at right angles to each other. The only possible difficulty 
in this system might be that bullock power cannot be cheaply used 
for hoeing. But this can be overcome either by use of hand worked 
labour-saving implements like the Planet Junior Hand Hoe or by 
forming the bunds after each culture with the aid of bond formers. 

Definite recommendations regarding the time and quantity of 
irrigation cannot be made for ail orchards. But excess of water 
diould be avoided in citrus orchards. A rough test to find out the 
need for irrigation is to examine the soil at a deplli of 12 inches 
by diggi n g crow-bar holes in half-a-dozen spots selected at random 
in the orchand and if the soil at this depth crumbles easily in hand, 
water may be applied. 

Soil culture . — Boot studies conducted on Sathgudi trees have 
shown that the majority of the feeding roots are in the first foot 
of tlie soil. Therefore deep culture can easily be seen to injure the 
feeding roots and impair nutrition. 

It has been reported by an orchardist that ploughing in sommet 
has adversely affected the crop. This is only in conformity with 
the findings at the Fruit Resarch Station. Opening up the soils 
in summer also increases the loss of organic matter besides adversely 
affecting soil texture. The removal of weeds is, however, specially 
important in summer. 

f*loughing during rains also adversely affects the texture of the 
soil and should be avoided. Growing of intercrops and green manure 
crops can be attempted in this season as they incidentally assist in 
the control of weed growth. 

Considering the above points a system of culture has been 
evolved at Eodur. The main ploughings or digging should be 
done in December when the trees are in comparatively inactive 
stage. Weed growth should be occasionally smothered as and 
when necessary by using light implements like the Junior Hoe, 
the culture being not more than two inches deep. Sowing and 
incorporating of green manure crops should be done in the rainy 
season, the ploughing for both purposes being shallow. 

Pruning . — ^No experiments have been done in Madras regarding 
the best form to which citrus trees may be trained. Being an 
ever green, it requires a minimum of pruning. If any form is 
adopted it sdioald more or less conform to the shape that is natural 
to the kind. It should also involve httle or no beading bade of 
limbs. This can be achieved by repressing the prospective braoubw 
in their very emergence by pinching or thinning. Attention muy 
bft paid iio ^ formation of a strong frame work by allowmg iom 
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of five welUpUoed eo^cfid Imtbe. Bcmoval of ■ etoelcHiproutB end 
troteiHBuek^ is aa impoirtaQt item of work in the early eta^fea. 

proning is not a commendable praotioe as it tends to shorten 
the m« of ^nts. 

'‘lianwinff . — Ko elaborajSe trials have been condncted on citrus 
fair ' the reason that trials conducted in one region will not be of 
smy value elsewhere. 

The ryots of Bajampet taluk have been applying 12 lb. of 
groundnut cake, 9 lb. of fish manure, 3 lb. of bonemem and 60 lb. 
to 76 lb. of farm yard manure to full-grown orange trees. 

Several mixtures consisting of farm yard manure or compost, 
oU>cakes, ammonium sulphate, potassium sulphate and super phoa- 
j^te in varying proportions have been used in gradually increasing 
quantities with advancing age< 

The naost common defieienoy disease found on eitms is the ooe 
due to the deficiency di zinc, which is manifested in the yeUowtag 
of the lamina of the leaf while the ribs remain green. Spraying 
with a mixture of lime and zinc sulphate solution has been r^xirted 
to {uovide temporary relief. 

Application of zinc sulphate in crowbu* holes against ‘ french' 
ing ' in orange gardens was tried in some centres. It would appear 
that Implication of zinc sulphate through crowbar boles is effective 
if at ^e same time the trees receive careful attention in the fena 
of culture, manuriti^ and irrigation. 

But zinc deficiency is often caused not by its abseuoe in soils 
bat by its noD'aviulal^ty in alkaline or excessively calcereous soils. 
In such eases, a^lisatian of more zinc to the sml may not be of 
aay material value. 

It is recommended that December or early January is the best 
time to apply manure to citrus after harvesting Uie previous crop 
and before the commencement ctf the flowering for tlie main crop. 
In lighter soils where two imP^itiatiaDs are favomed the second 
impbcatiim may be made between June and August. In the heavy 
tainfaU tracts on the hills, it is bettor to manure in July-August 
rather than in DeoembM when there miglit not be enough 'moisture 
in the soil. 

As it has already been seen thi^ the iseding roots extend far 
heyond the drip of tiie leaves, it is cbsr tiiat the practioa of apply* 
ing manures in a ring reand the tnok eannot the need^i of 

the tceea. It is neoetsary that the whide area in the or^ard be 
anitemfy manured. 

Oropping, %an$ating ftnd fftefds.— The flowering of the main 
enm of Satitgudi occurs from December to April and the hwests 
last from the following November to Mardi. This main season ii 
hw ag y ofUad tbs An pmm. For the aflUMwsoB crop, called the 
'O n i i Hwtfawi , flowaring OMoes fton fisptembor to the begimih^ tg 
Bdoihibav iand tba noitis am hwrveated Ikmn the hfllowing 
t» Nipmadier. Hie Batavian manges in oircarf am in ummm 

a4(.~28 
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from July to December. The VadUmmdi oreoge is in season £:rom 
August to January for the main crop and from February to May 
for the ofi-<seaBon or second cr<^. To prevent the attack of the 
fruit moth, basketing of fruits with cheap palmyra leaf baskets is 
common in the Gircars, as a result of which the fruits become pre> 
maturely and irregularly pale yellow in colour. The Sathgudi 
Which is not basketed develops the best golden yellow or orange 
colour only in the main harvest in December to February. The 
third crop of Sathgudis which is harvested between March to June 
is from an occasional bloom that appears in June-September. 

The proportion of yields in the three seasons varies with weather 
conditions at the time of or just preceding each blooming. Becords 
show that the off-season crop accounts for one-fffth to about one- 
third of the gross harvest in a year. The occasional failure of the 
main season crop may increase the off-season crop. Studies of the 
progeny from trees yielding a heavy crop in Ihe main or off- 
season have shown that the character is not inherited by the clones. 

The loose-jacket oranges of South India also yield two crops a 
year fairly regularly. In Wynaad the seasohs are from July to 
September and December to January. nUie Kamalas of Circars are 
in season from October to January, while at Kallar the main harvest 
season is from August to October and the off-season harvest tram 
February to March. On the Shevroys there is only one season 
from October to Dec^ber while on the Lower Palnis there are 
two seasons, August-September and December-January. 

Limes are in harvest throughout the year. The peek periods of 
harvest are however limited to March- April in the Circars, July to 
September in Kayalaseema, June to August in Madurai and North 
Arcot, April to June in Guntur and Nellore and January to March 
in Tirunelveli. At Kodur it has been found that about 80 per cent 
of the year’s crop is harvested from May to August, 14 per cent 
from January to April and 6 per cent from September to Decembw. 

Pummeloes, grapefruits and citrons are in season generally 
from August to December. The lemons yield 70 per cent freon 
May to September. Kumquats can be harvested all through the 
year, with maximum harvests fronts July to December. 

The mean yield of the Sathgudi in private orchards is reported 
to be roughly 600 fruits per tree. In good orchards 1,000 fruits 
per tree per year is considered normal and 1,500 to 2,000 fruits as 
very good. According to an estimate in the import on the Market- 
ing of citrus fruits in India, the acreage yields in South India are 
put at 90 to 120 maunds for Batavian oranges, 90 to 100 maunds 
for Sathgudi oranges, 200 maun^ for Vadlapudis, 150 maunds for 
ioose-jaetet oranges,, 225 to 800 maunds for acid liines and 180 
p 400 maunds for pummdoes. - 

< Products. -r-At ^e Frob Pre^ducts Besearch Laboratory, Kodar', 
nanmng of loose-jacket i»imgeii mui -ns suceessfnl as the anoiiiNieM 
product of the gr4pefrait. Lime,, -lemon, chmsc and looM jaelebl 
mange squashes . standariiKed in ^ Besearch Labmatocj^ am 
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popular. Lime juice has been utilised instead of citric acid to raise 
the acidity of orange juice. Lime juice cordial is an excellent pro* 
duct. Pummelo, citron, kumquat, etc., have been utilised for the 
preparation of attractive squashes. Blended products like orange, 
tomato, orange-tomato-pineapple, carrot-orange, etc., have been 
prepared. The sweet Chinee orange, the Kitchili fruit and kumquat 
can be used for preparing orange marmalade of high quality. 
M^armalade prepared from marmal^e orange was very bitter in 
taste. Eumquat has been successfully candied to produce an 
attractive product. 

Dietetic value. — ^The citrus fruits are a fairly good source of 
vitamin C. Among the species of citrus, lime has been shown to 
contain more vitamin C than the rest having about 63 milligrams 

K er 100 gm. The grapefruit is a good source of vitamin B1 also, 
aving 40 international units per 100 gm. Being very easily 
digestible and the juice being easily expressible they are prescribed 
as a diet to sick people. 

Work of the research station and the future — Kodur . — ^The 
important results of work done at the Fruit Research Station, 
Kodur, are as follows : — 

The several rootstock trials indicate that Jamheri may be 
used as a rootstock for Safhgudi. The method of shield budding 
by keeping a small slice of wood attached to the bud is the be^ 
method of budding citrus. The best season for budding is from 
July to September. 

Citrus fruits are very important on account of their diatetic 
value. The phenomenal increase in the area under these fruits 
during the past two decades is an indication of the great future. 
In the case of mandarins, Madras has the disadvantage that the 
peak seasons of harvest do not fall in summer when these fruits 
are most relished and in consequence large quantities of Santhras 
were being imj^rted into the State. Selection of otf-season bearing 
toees and their progenies may, therefore, prove fruitful. The 
squashes of citrus fruits are already popular all the world over and 
the large number of different kinds of citrus fruit in our country 
offer possibilities of blending their juices to prepare squashes and 
marmalades and to standardise them. The standardisation of root- 
stocks and popularisation of improved methods of vegetative pro- 
pagation, will also greatly help the progress of citrus growing in 
this State. 

Bahana. 

' ^ The banana is said to have been originally cultivated for its 
edible root. But now every part of it is made use of by man. 
The ripe fruits are used as dessert and for religious offerings, while 
the unripe fruits of some varieties are the most common vegetable 
in South Lidia. The ‘ hearts ' and * core ’ of the pseudo-stem are 
mutt) jrelidted as vegetables. The leaves are the commonest 
ditoier plates in South India. The leaf sheath is a very useful 
puoldng material in floral trade. The fibre is used extensively for 
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peUlig Kia4 in ooniage wd taxHain industries. 1%* ham&m Bam 
it * mvaiid Inod. Figs, jams, ships sad s muoher ai athor 
padttotiB SID preyed Crom tbs hMsos. A story is told of a lady 
nbs prowily ser^ her guests a diiiner with s maau of disbM all 
IlMMn iasluding the ‘ rice ’ which die prepared from tim 

liour. The dinner was, of oourae, eaten out of baosos leaves. 

baaana yields Imavily pr^ucmg over ten tons per aoM 
and taings a good remaneratiim to tiia grower. As a cash crop it 
Ites heiNi po^ar in tiie wet Isad areas for a loi^ tinm, being 
in fact, the only major fruit grown in the wet lands. It is one m 
idle fruits with a high calori^ value. It is, therefore, easy to see 
that baaana can he^ to mitigate the food shortage in the country 
W a si^diary food. Its cultivation eiq)eoislly on the hills is to be 
aDcouraged. In hilly regions the soils are unsuitable for most other 
Crops and bananas can be raised at tdieap coat and without 
irrigation. 

Production and importance (Plate 52).-->Th« prewar average 
area occupied by banana in this State was 136,45$ acres and 
tqgether with 47,604 acres in Travancore, 21,030 acres in Mysore 
and 2,500 acres in Cochin and an undetermined area in Cooig, it 
forms 53 per cent of the total ares under this fruit in the country. 
To some extent the acreage varied from year to year having haea 

164.000 acres ki 1934^35 and only 136,^ acres in 1932-41 and 
id>o«t 130,000 acres in 1942-43 and 168,650 acres in 1947Ht8, 
l^m the figures of 1947-46' it is seen that Idhlabar leads with 
about a third of the area in the State followed by Madurai, Tanjore 
dnd Tiruchiraimslli districts with about 19,000, 12,900 and 17,000 
acres ro^pectivdy. Other distiicts in the cwder of the extent grown 
aro Tirunelyeli, Coimbatore, Salem, East and West Oo^vari, 
Visakhapatnam and South I^ara. The rest had less than 

2.000 acres under the fruit. Taking the vaneties into oousiderotimi 
it is noted that Pootan acooonted for an annual produotion <d 
abeut 741,000 tons from an area of 74,006 acres in 1941. Nen^m 
and Monthan were next ha importaaee acoouathig Cw about 96j0Q0 
tons each per annum from 144100 aeros and 11300 atures respee- 
iively. Hill bananas occupied about 6,500 acres and {Modaoad 
about 16,000 tons per annnm. 'Ihe toM production in 3241 was 
about 1433,000 tons of whida roughly 910,000 tom were mdinan^ 
exported b^ xaU from producing centres to outside distrmta and 
States. I^chirappalli, East and West Godavari, Madurai and 
Salem were the main exporting cenkes. The exports outside the 
State which ranged roughly from 90 4e 90 thousand imperial mannds 
were mainly to ^Kfyaore and firom Godavari area to Nizasn Slate, 
Orissa and North India, 

OUmaU and a^,-**Sfmaiia ia a leofncai fni^, asEederaat to froht 
and reguii^ moistwe, In iUa filaw where feoeti #> not aomtt 

S !> to a heii^ nf MfiOO feel, it ueu be geewn up to elnnilihm. 

erlaia varietiea are a de pi e t to fifiiielai dimaitie eandfithnia i* 
in the uaee uf the SimmaH and WkupakM on ^ hffls, the OMbnh 
««b' la the ifertben) Cirohts eUd the Henkan types in tha UMl 
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Coast. It is one of the very few fruits which can be grown in 
wet lands, but requires good drainage. Banana can be grown in 
soils which are not deep enougli for perennial fruits. It is also 
adapted to a variety of soils from stiff clays to light sandy soils » 
though very sandy coastal soils with low water-holding capacity 
are not suitable. Observations at Coimbatore have shown that the 
yields are better in garden lands than in wet lands. In Taujore 
district “ padugai lands formed out of silt deposits are mainly 
the soils on which banana is grown and in Tiruchirappalli, wet lands 
are more favoured for the ease with which they can be irrigated. 

Varietal introductions and trials . — Varietal studies of bananas 
from several tracts of the State have been made at Samalkot and 
the Central Fami, Coimbatore. Jacob has recorded detailed 
descriptions of almost all the varieties of South India and Venkata- 
ramani of culinary varieties. 

Hybridization . — Hybridization is complicated in banana because 
the commercial types are sterile and produce no seed but develop 
their fruits without fertilization. There are such forms as Musa 
malaccensis which produce viable seeds. With their aid seeding 
should be induced in the commercial varieties, crosses effected and 
seedlessness again induced in the selected progenies. A few seeds 
obtained by crosses between some varieties at Samalkot have not 
germinated (1938->39). This evidently involves long and laborious 
work. For this purpose a Central Banana Research Station has 
been started at Aduthurai and the selected site has been taken 
over on June 1949 and a detailed programme of exi>eriments has 
been drawn up. 

Agronomic trials and e^rperiments (Plate 53K — The most 
common method of propagation of banana adopted in this State 
is by suckers. The common belief is that ‘ sw’ord-suckers \ i.e., 
those with a tapering top are preferable to ‘ water-suckers % i.e., 
those with wider leaves. In a trial at Samalkot. it w^as observed 
that planting of older suckers resulted in certain earliness in the 
formation of the bunch, but it also resulted in a progressive deterio- 
ration in the weight of bunch with increasing age of the sucker. 

The treatment given to the suckers before planting also is 
variable. The suckers may be planted soon after they are removed* 
They are sometimes topped at a height of 12 inches or even to 8 
height of 3 inches only from the rhizome. The suckers are withered 
in shade for some days or even exposed to sun for a while. It was 
reported that dried suckers gave more robust plants than those 
from fresh suckers at Taliparamba. 

Transplanting . — ^The usual seasons of planting in the Circars 
are June (Tolakart) and November to January (Seethal(attu). 
Experience at Samalkot indicated that June planting is suited to 
varieties like ChahJcarakeli, Bontha and Mauritius, while the 
winter planting is more suited for varieties like Karpura Chakkara^ 
keli (Poonan) which take a longer time to bunch. In the West 
Coast, September to November is favoured. But wherever ample 
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in'igatluu facilities exist, plantii^s can be made at other parts of 
the year as well so that fruits might be {voduced at all parts of the 
year to fetch better prices. In Tiruchir^pa^ there are three plaut- 
seas^. Oa the Falnis the ^ntis^ is imually doae in Ajuril 
while in the perennial plantations in Tanjore planting is done from 
Januai7 to June. 

Irrigation . — The hill bananas and the perennial plantaticms on 
the ‘ padugai ’ lands in Tanjore are grown rainfed. In gard«i 
lands several methods of irrigation are employed according to 
convenience and tradition in the tract. The common methods are 
the basin system as is done fur citrus, or by drain-cum-irrigation 
channels. The intervals of irrigation have to be adjusted with 
regard to the soil and rainfall. 

Studies at Samalkot showed that by restricting irrigation, the 
flowering was slightly delayed and reduced, but bunches matui'ed 
and came to harvest earlier. Weight of bunch and the number of 
hands and fingers in the bunch were reduced as also their keeping 
quality. 

Culture. — Inter-cropping with vegetables and yams is done in 
certain tracts. Green manuring is nut usually done, except in parts 
of Tiruchirappalli. 

Prc^ping with single or double bamboos has to be done to all 
tall varieties in the coastal tracts where heavy winds and cyclones 
usually occur. This can be avoided in the case of Mauritius which 
is dwarf. 

Manuring . — It is common in several parts of the State to 
manure bananas before planting. In certain other parts it is 
applied two to four weeks after planting. A second dose of manure 
is applied in about five to six weeks. A third application may 
follow two months later. Elaborate trials on manuring banana 
have been conducted at Samalkot over a number of years which 
have led to the following conclusions : — 

Increased applications (d nitrogen have resulted in highor 
yields in the June planted but ncrt so in the winter planted 
crop. This differential behaviour is attributed to the shorter dura- 
tion of the crop under June planting, where the effect of higher 
doses of manure was felt. Increased doses of nitrogen have slightly 
increased the number of hands per bunch as also the number df 
fruits per hand, though not the weight of individual fruits. It 
has also slightly advanced the date of flowering, though the time 
t£^en to mature the firuits is slightly prolonged. The addition 
of potash and phosphoric acid did not have any significant eHect. 

It has been recommended that a suitable dose per acre of 
bananas may be a mixture comprisiag of cwt. of potassiam 
sulphate, 5 cwt. of groundnut cake and 2 cwt. of super-phosphate. 

PfMthmf.-- Franiag in banana consists of removal erf sudmni, 
hearts, dry leaves ai^ mattocking or tire catting hack <rf the old 
peeudostem aftor harvest of the honeb. Aft«r several obsennitiQaa, 
it was recommended that the retentum of the third socket was heal 
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iat r«|)lacii^ tii« mother pla&t, temoTuig all the otbw audteet. 
This system is aud to eosble the bsrvestiDg ftmr bunches in 
• pericM of three years. The suckers have to be remoTed carefiiUy 
wm a tmmmulf. Workers in other countries reocHumeud the 
lemovul of the supers at their very emergence so lhat no plant food 
is vested. 

Growth, croppirtg and yieUh . — ^Fnun the studies at Samalkot. 
it was deserved that maximum growth occurs from July to Nov- 
ember and &e growth of the pseudostem ceases about two to thi^ 
weeks before the emergence of flowers by which time most varieties 
attain a h^ht about 100 Indies while Mmiitiua attains about 
56 inches, ^e bunch lengths vary from 12 inches in Chakrakeli 
to 24 inches in Karpura Chakrakeli. The time oi flowering has 
been seen to be influenced by the variei^, season of growing and 

mihntfHng and irrigation practices. Tiie time of flowering and 
the time taken for the maturity are two independently variable 
cjharaetsrs and hence early flowering does not necessarily mean 
an earlier maturation of the bunch. It was diserved that in the 
June planted crop 85 per cent of Chakrakeli, 83 per cent of Bontha 
and 75 per cent of Mmritme plants bunched by January. At 
Taliparamba, Mauritius was the earliest to mature taking ten 
monUu. rainfed bananas grown on the hills take a much 

longer time to mature taking up to 18 mcmtbs. 

The weight of bunch varied from 18 lb. in Nendran to 40 lb. in 
Maurititts at Taliparamba. At Samalkot, Chakrakeli yielded 
18,129 lb. per acre m 1934-25 while in 1926-2?7 it yielded 18,203 lb. 
Poovan is a very heavy i^elder and high yields cA about 10 tons 
per acre are rqxHted from Tiraohira{^{dli (Plate 54). 

Ripening, storage and products , — ^Ripening the banana can be 
hastened by smolang the bunch after harvest for 24 hours in 
summer and 48 hours in winter. On the Nilgiria, bunches are 
kept in pits and covered over with a plank leaving a small hole. 
The bananas are covered over with tradi which is lit np diffusing 
the smoke in the pat. Smoking is also done in closed rooms in the 
oonsoming markets themselves. 

It was observed at Burliar that i^lkation of vaseline to the 
cat end of the bunch stalk causes earlier ripening of the bunch and 
fosters u^orm fruit colour. Insertion of g^und garlic piecM 
in the fruit stalk was also found to quicken fruit ripening by about 
four days in Kodur. But the resulta have not been oonaisteut. 

At Sasaalliot it was <obflerved that KaspurshChakrakeU took four 
tooigbt da^fs to while it took five to aesmu da^ for ChaknheU. 

Karpura-Chakrakeli developed brown speekliRg foto' or flve days 
■fter fiflly i^Mning whfle ChahrakeK develops ^eoMing even 
before tfaa tmnoh laraed yc^w. 

CWd sUmge truAs . — Just mature * and ‘ fully mature ' fruits 
df phtdtnakta and Karpura GhakrakeU were sent to Eirkee for 
a^v of Htoroge life. It was observed Ifliat just mature fruits of 
vlimrmadi ak^ at WT P changed colour after 12 days and 
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ripened fully in four weeks. The black spots developed fully in 
37 days. Even when kept at 52* F it behaved siniilarly. The 
‘ lally mature ’ fruits ke^ at 66* F remained peen for twelve 
days and ripened in 25 days. Karpmn-Chakrakeli ‘ just mature ' 
fruits kept at 56° F and 52’ F tinned after 12 days and began 
to rot a week later. ‘ Fully mature ’ fruits became ripe during 
transit and kept at 52° F for ten days in good condition. 

Products . — ^As many as ten varieties of bananas were dehydrated 
with and without sulphuring. Judged by colour and taste, Pey 
Kunnan fig was of the best quality. Fig sample of four varieties, 
viz., Pey Kunnan, Nendra Padathi, Ney Poovan and Kapur were 
tested by the Processed Food Stuffs Directorate and all except those 
of Kapur, which had absorbed moistvrre, were approved. 

Trials on the preparation of banana flour revealed that it was 
easier to prepare flour from unripe than from ripe fruits; Nendran 
appeared to be the best and most economical variety for preparation 
of flour; and the percentage of flour to fresh fruit in different varie* 
ties varied from 12-5 to 27'66. 

Analysis of banana flour for food* value showed that it was a 
good source of proteins and minerals and also contained vitamin B1 
and could, therefore, be recommended as a food superior to tapioca, 
potato and arrow root. Trials on the preparation of biscuits and 
of a large number of Indian sweets, savouries and beverages from 
banana flour were successful. The Biochemist has also prepared 
jam out of bananas and standardized the product. 

Banana fibre trials . — ^Preliminary work at Coimbatore in 1943 
had indicated that banana fibre of a few varieties was of some 
promise as a substitute for abaca (fibre from Musa textiles). At 
the suggestion of the Director, Indian Army Ordinance Corps, 
certain large-scale trials with a number of banana varieties were 
carried out at Coimbatore with a Government grant from December 
1943 to August 1945. In all 1,216 pseudo-stems from 72 cultivated 
varieties of bananas, two wild bananas ftom Anamalais and Wynaad 
and the abaca-yielding Musa textilis were utilised for fibre extrac- 
tion. The extractions were in large part done by the hand method, 
consisting of stripping off the outer portions of each leaf stem in 
the form of ribbons, which were then drawn under a blunt knife 
that rests on a block of hard wood. Tbd fibre was eventually dried 
in partial ^ade or in moderate sunlight. A summitfy of the results 
of these ttialB is presented below 

(1) In point d yield, Kuri Bontha, Pacha Nadan and 
Monthm repreMSited ^e most pr(Hnising sources of fibre among 
the largely cultivated varieties. 

(2) From the strength and quality tests conducted at the 
Technological Besearch Laboratories of the Indian Central Jute 
Committee, Calcutta, it was fouud that there were large variations 
among the samples of the same variety. However, in garu»a| 
terms, the Strongest flhre>yielding varieties w^ Sari fVaakd, 
Salt Mben, Pey Laden, (Kdnl 0bpenm, Kwi Bontha, 
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Bontha, Telia Bontha and Nana Nendran. Considering the general 
quality Ney Mannan, Nana Nendran and Thella Bontha were 
selected as the best. It was surprising to note that Musa texUlis 
as grown in South India secured only a second place both in the 
matter of quality and tensile strength of fibre when compared to 
several of the cultivated banana varieties. 

(3) In the matter of attractiveness of fibre which is an 
important trade requisite, considerable variation was found between 
the varieties. For instance, while KuLlan, Monthan and Elavazhai 
yielded lustrous white fibre, that from Nendra^ Padathi, Booditha 
Morttha, Bathees and Poovan was greyish white and shiny and 
that from Nana Nendran^ Nalla Bontha, Krishna Vazhai, Kan 
Vazhai, wild banana from Anamalais, Pacha Montha, Bathees and 
Giant Governor was greyish white and coarse. Rasthali fibre was 
silky to the feel, besides being greyish to pure white and shiny, 
while that from Musa textilxs was light ivory yellow and coarse. 

(4) The optimum stage for extraction of banana fibre 
appeared to be after the harvest of the bunch. 

(5) Extraction trials in a few varieties indicated that the 
strongest fibre was obtained from the sheaths of the central folds 
of the pseudo-stems. 

(6) Banana fibre did not show appreciable deterioration when 
immersed in water and saline solutions even after about six months, 
indicating thereby its suitability for use as marine cordage. 

(7) Banana fibre was found suitable for rope and gunny 
making and for use as grafting bandages in fruit nurseries. 

(8) From the trials it was indicated that the future of banana 
fibre industty depended largely on the successful devising of a 
cheap and simple extractor to increase fibre output far above that 
possible by hand extraction methods. 

Dietetic and nutritive value, — Banana is one of the highly 
nutritious fruits supplying about 1-3 per cent protein and 36*4 
per cent carbo-hydrate. It has also a high calorific value among 
fruits supplying 153 colories per 100 grams. It has already been 
said that the banana flour is an easily digested food that has been 
certified to be fit for invalids also. The banana is also a moderate 
source of vitamin Bl. 

Work of Research Stations and future re^earr/t.— Detailed work 
on the description and nomenclature of banana was undertaken 
at the Central Farm, Ccumbatore, and the variety collections main- 
tamed.^ At the Agricultural Eesearch Station, Samalkot, several 
manurial trials have been conducted besides collecting some data 
^ the varietal differences in fruit quality. A few crosses made 
*®wed that the seeds were not viable. At the Agricultural Re- 
search Statical, Taliparamba, planting technique and observation 
on the performance the varieties suited to the West Coast have 
own reoeivi^ attention. The Braima Research Station, Adu- 
^uiai, has jort been started and is intended to take up compre- 
hensive rese^h for the improvement of banana. 
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Ol 4Im yiriding fimito, Ouwzia is ^doobtedly the meat 

{wpolar. it is ehsmt mi indispeiiMble frait in hons^ld both 
fttt* tai^e and tlie sltM. As sadh, H is oomp^tively eatied te 
|ie|>iiiame it as a sobstitute fw part ci the rice ^et to reHe^‘e toed 
Kioirtage. 

At present appreciable entities of banana mo beaig eitported 
to p^s of Nor& India where banana is difficult to grow. With 
provwion. vA better teansfiort by way of refiigMated vans, larger 
azpoits Ircan the State can be expeoted. Tim imptoveBaent ol the 
frnit production of new lannties having ^ the iuporteot 
coonoBEUB chaoractere is p(^ble only ffirough hybrtdiaation wh^ 
titos a very long tune owing to reaaons idrc^y pointed out. Until 
each time, the p^uction can be improved by aeieoteing the vaxietiee 
most suitabde to each tract and by better manttzing and iRjgatkmal 
methode. 

{Vitu vimfera). 

Offipes are health-promoting fruits which do well for a dessert 
or in the fruit salads. The dried fruits are largely used in the 
household in several sweet prqiMations for the table. Preparation 
of tbe wine is not common in this country though it is an import- 
ant industry elsewhere. 

Area and importance . — Oommercial viticulture in South India 
is confined to stuall areas m and around the villMes of Michael* 
patti and Pattiveerampatti in Madurai, Erishnagiri in Salem and 
Penuhonda in Anantapor district and in Bangalore. Stray culti- 
vation is found in parts of Tirunelveli and Coimbatore, on ^ bills 
at Eodaikanal and Ootacamund and also in the heavy rainfall areas 
like the West Coast. The area in this State under this crop was 
260 acres, 150 acres being in Madurai and 80 acres in Salem 
and 20 acres in Anantapur. The production was estimated at 
18,000 maunds amuially wiiieh is about 4'8 par cent of the total 
pi^uction in the oountiy. The paroduee is moetly ocmeumed 
udtbm the State while Ja^e xiuantBaes of dehydrated froits from 
Bditichistan are bong unpcnted. 

Climate and $oil.—<3mpe woe has for tong been supposed to be 
a terapetate fruit, but the performanee of grapes in Madras has 
been not only satisfactory but phenomenal in some places. The 
success seems to be due to the existence ol adaptable varistiM and 
the intensive cultivation and cultural ncaotioes. 11 is, for inidaaoe, 
known that heavy rains dwing the loweting Md haiveBt aeamns 
are a serious handicap to the peodostmi «f good cups. ’Nm 
{waning season in the seveol trwta is an #d|iuied that the hav* 
vests are not caught in the ntata. THim in Bspialore lAen 
Aiigiiat*Bsptember are the xainitot'ntoaliMi* it as 4eobahfo tlust 
orcp obtained in Bsoeiaher toilCHNffi^i^ theMfona, tlw 

two yOi' steb'iMMi to M at^fSBaliltd 

at .tnfieai' Tifciitliiiiiii Owiog' fo .itiisr ioMkom ' ffvaiii wMii 
cold, it becmaes pomilde to him « SMiad i|^tow^ Mestoi 'AMPInjif 
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which flower bud formation may be induced by stoppage of irh* 
gatioQ and pruning following the harvest of the main crop. While 
in Nasik the second crop is avoided by pruning short and deblossom* 
ing in the rainy season, in Madras both crops are being harvested 
by suitably manuring the vines to get over exhaustion. 

Soils . — Drainage is the main factor in the selection of a site 
for the cultivation of grapes. Some of the soils in Madurai where 
the maximum yields of grapes have been reported are gravelly and 
very open textured and poor in fertility. But this has been made 
up by heavy organic manuring given in the form of green leaf. 
Near Penukonda, clayey soils were reported to have been used for 
vineyards. In such soils, a good admixture of gravel and sand is 
considered helpful in promoting drainage. 

Varietal introduction and trials . — The green Pachaidrakshai is 
the common variety grown in Madurai and Salem districts while 
the Blue is more common in Bangalore and Anantapur districts. 
The seedless variety which is having a rapid extension in Madumi 
district has been introduced some years ago from Baluchistan and 
seems to constitute two distinct varieties, Bcdana and Speen 
Kishmish or Sultana. 

As early as 1941 there was a suggestion that grapes may be 
planted in dry lands where groundnut was used to be grown provided 
water for irrigation was available. Trials showed that Kishmish, 
Haitha, Saibi, Tor and Alexandria were unsuitable for cultivation 
at Kodur. It was- observed that Beacon, Bedana and Gros Cohnan 
produced good quality fruits while Lukfata and white Muscadel 
showed resistance to attack of downy and powdery mildew respec- 
tively. 

Agronomic trials and experiments . — The method of propagation 
in this country is through rooted cuttings. Mature wood of previ- 
ous season’s growth is selected from prunings and planted in pots 
or flat nursery beds. The rooted cuttings are planted out into the 
field in the next January when six to twelve months old. It is 
reported that in Salem, the cuttings are directly planted in the field 
and sometimes grafts are planted. A trial at Kodur showed that 
the graft can be propagated by the method known as ' yema ’ 
grafting. 

Pruning . — ^Pruning twice a year is a feature of South Indian 
viticulture because of the markedly rapid growth. 

As the vines grow, the side shoots are frequently removed and 
when the vine reaches the pandal the growing point is nipped off. 
The side shoots are trailed in the desired direction. Tendrils are 
removed periodically so that the shoots may not be fixed down to 
any position. The first pruning is done after the firat bearing. 
The season of pruning varies from tract to tract, being December 
and June in Madund, Jaimary and July in Krishnagiri and March- 
April and Septemlxn'-Ootober in Bangalore. These seasons, adopted 
out of expmence oi growers, seem to be quite appropriate oonsidw- 
>ng the rainfall of the tract. 

a,m.*~“30 
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The pmiiQg techm^M adopfied is very simple aad eonsists in 
ontting back the previons season’s shoots to four or five bods. The 
same number of buds are retained in both the seasons. In some 
vkieyards, however, the {smning in the aeoond season is to a slightly 
lesser number of buds, i.e., three or four, in this system tlm 
number of bunches borne on a vine is not regulated but goes on 
increasing from year to year till they are too many in number and 
cause exhaustion to the vine. It is suggested that 40 to 60 buds 
alone need be left on a vine, i.e., ei^t to twelve faniting canes, 
all the other canes as well as the weaker growths above the number 
suggested being pruned oft. 

Manuring . — ^From a study of the manurial practice in the several 
regions of the State it is seen that grape responds very well to 
manuring, especially to organic manuring. The phenomenal yields 
of Madurai vineyards axe largely due to the intense organic manur- 
ing. The manuring consists of SO cart-loads of green leaves, 100 
to 200 cart-loads of farmyard manure and occasionally other wastes 
like tannery refuse when they are available. A peculiar practice 
in Penukonda vineyards is to apply four visses of gingelly cake 
powdered and fermented in buttermilk. The rationale tehind the 
practice has not yet been gone into. 

Harvesting and yield . — In South India the first crop can be 
obtained even in 15 months from planting. The Agricultural 
Marketing Adviser to the Govemmmit of India estimated the yield 
in 1935 at Madurai as 7,000 lb. per acre. More intensive cultiva- 
tion has since bemi adopted and yields are higher. According to a 
i>ee«it retort from a leading viticulturist in Madurai he obtained 
a yield of 50,000 lb. in the first crop and 20,000 lb. in the second 
crop from the variety Pachadrakshai while the seedless variety 
gave 16,000 lb. and 8,000 lb. respectively. If these figures are 
taken, the yields are a world record. 

DieteUe value . — The grape has Imig been known to be a healthy 
dessert fruit and a diet for sick people. It is a good souroe of 
glucose of which it contains varying pn^rtions according 
to varieties. The grape is a moderate source of vitamins A and C 
and has also a trace of vitamins Bl. The raisins, howev^, contain 
a substantial quantity of vitamin Bl besides being a rich in iron. 

Work of Beseatvh atatians and the /nture.~~The possibilities of 
extending the area under the fruit are very promising from the view 
point of climate, soil and yield factors. But the area under grape- 
vine at Kriahnagiri is dwhadling and evcm at Madunl where very 
high yidds ana obtained, growera aeeoa relnotanji to extend the area 
under the crop and are reported to be preferring cikus mstead. The 
{M^ble reeiiioBs lor this mi^t he kbe large capital reqsured to tdart 
with, tile short time witbln which the fruit has jb be marketed 
owi^ to the poor keepiiig and the ahsenee of laeilities for 

refrigerated fraae^port. Bwfidsd these lattnr diffietditiies are 
removed, progressive giowun nmy labe np more end mem to He 
cultore. 
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It ie alBo necessary that well-laid out trials should be uuder- 
taken in the several regions of the State to explore the possibilities 
of viticnltare in the other regions of the State. The methods of 
preparation of simple products like the raisins as a cottage industry 
li^ould be popularised. 


Fig (Ficus carica). 

fig cultivation has not made an appeal to the South Indian 
grower because of the perishable nature of the fruit and the absence 
^ any organized industry for the dehydration of the fruit. Fig 
production is therefore limited to a few orchards and home gardens. 

Area and importance . — ^The area under the fruit in South India 
may not exceed 260 acres in all. The only places in this State 
where the cultivation of the fruit has assumed some commercial 
proportions are parts of Anantapur and Bellary districts. 

CUmate and soil. — Fig, like the grape, is supposed to be a warm 
temperate zone fruit but by virtue of the adaptability of varieties 
it is thriving fairly well in several regions of South India. It likes 
an arid atmosphere, especially at the time of fruit development 
and maturity, but it requires ample supply of moisture by way 
of irrigation. The soil should be medium to heavy retentive in 
nature but well drained. 

Varietal introductions and trials . — Of three varieties, Large 
Black, Marseilles, and an unnamed variety from Ealhatti intro- 
duced at Coonoor, fig Marseilles has been found to be more suited 
for cultivation under Coonoor conditions, and comes to bearing in 
the third year of planting, the plant yield working out to about 
10 fruits in the first harvest. This variety bears pale green , white 
fleshed, medium sized fruits which have a slight reddish tinge at 
the centre and are sweet in taste. 

Of the several varieties tried at Kodur, onlv the self-fruitful 
varieties like Poona fig have been found suitable for commercial 
cultivation. Black Ismia and Drown Turkey have not proved so 
successful. 

Agronomic trials and esaperiments . — The fig is usually propagated 
by cuttings taken from mature one-year-old wood about one-half 
to three-fourths of an inch in diameter. They are first planted in 
Sai nursery beds and transplanting is done within 6 to 12 months. 

Suckers and layers are also occasionally used for propagation. 
Side-grafting tm Ficus glomerata and F. hispida was attempted 
with Kiocees at Eodur. At Coonoor the propagation of fig varieties, 
MarseiUet and Kalkatti on Ficus paimata stock by whip and tongue 
m^hod of grafting was found to be successful. The growth of 
these grafts, espemallj of MarseiUes, was found to be vigorous. 

To detennuie the best season «id method of propagation of fig 
MemeiUm (xd Fiests patmata stock, a small scale trial was initiated. 
Bwuy monlh two grafts and two bud insmi^ions of this scion on 
Ficus paimata stock were made. The observation showed that 
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there is no Irad ‘ take ’ daring all the months, while grafting has 
been snooessfal. 

The planting is ususlly done in August and September. The 
spacing given varies very widely depending mainly on the severity 
of the pruning adopted. The spacing of 12 feet adopted in Ananta* 
pur and Bellary districts is quite suitable for the training adopted. 

Training and pruning. — ^In this State, no training or pruning is 
done except the removal of dead and wrongly placed limbs. Such 
a practice induces development of long naked non-fruiting wood on 
several shoots. The tree also is mis-shapen and an uneconomic 
performer. More systematic trial is need^ to devise a satisfactory 
method of training and pnaning. Meanwhile notching such bare 
necks is suggested to make the plants more fruitful. 

Harvesting and yields. — The common Poona fig grown in this 
State does not require caprification or pollination. But for varieties 
of figs which require pollination, a method of artificial pollination 
has been devised at Kodur. A wooden needle was thrust through 
the eye of the Ficus glomerata, the wild fig and then passed through 
the eye of the cultivated fig. This method was found to be 
successful. 

The fig produces two crops in South India in July-October and 
February-May. 

The average yield in the orchards at Anantapur is about 300 
fruits per tree. 

Storage and products. — It is reported that Poona figs kept well 
at 32°-35“P for a month. 

The dried fig is a very popular product which can be developed 
as a cottage industry. The wild fig (F. glomerata) is said to give 
a powder on dehydration which can be u^ in the preparation of 
a cold jelly. When malted and roasted it is said to yield a valuable 
breakfast food (Naik, 1948). 

Dietetic value.— The figs are a rich source of Vitamin A and 
iron. They also contain 17 per cent of sugar besides 1'3 per cent 
protein. , 

PoMBORANATB (Punica granotum). 

Area and importance. — Pomegranate has always been held as a 
delicacy on the table, as also a healthful and medicinal fruit. l%e 
area under the fruit in Madrae may be about 100 acres distributed 
near Vellodu and X^ndigul in Madurai, Uthukuli village in Coim- 
batore and Pennkonda and Madakasira in Anantapur district. 

Climate and soil. — The TOmegranate prefers cool winters and 
hot summers. But under South Indian conditions it exhibits a 
great adaptability from the plains to elevafionB of 6,000 feet. Even 
in its soil preferences it is not lastidimis and does well in aU types 
of soils. But heavy bams seem to suit it w^. It is a hardy pant 
and stmids pruning and is, tberrfore, ooeaskmalty employ^ as a 
live hedge. 
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Vdrietal introductions and trials, — Of the 16 varieties grown at 
the Pruit-Eesearch Station, Kodur, the varieties going by the names 
VellodUy Paper shell and Spanish Ruby were promising. 

Agronomic trials and experiments. — ^Pomegranate is usually 
propagated by seed in the State ; this method should be superseded 
by vegetative propagation methods for standardization of varietal 
characters. The most convenient method of propagation is by 
hard wood cuttings 10 to 12 inches long. They are first planted 
in nursery beds and transplanted a year later into permanent sites. 
The use of Seradix at Coonoor to improve rooting did not prove 
effective. 

The rooted cuttings are planted from July to January according 
to rainfall in the tract. The spacing given varies from 15 to 20 
feet. 

Pruning. — Since fruits are borne on the terminal growth, the 
bearing region is progressively pushed farther and farther away 
from the base and the fruits hang on weak, long shoots tending to 
break them. To train the trees to shapely form and strong shoots, 
annual shortening of past season’s wood is suggested. Removal of 
suckers and misplaced branches also forms an important item of 
work. 

Harvest and yields. — The pomegranate comes to bearing in the 
second year and some times later. The peak month of harvest at 
Kodur is June. The yields per tree have been varying from 50 
to 150 fruits. Split fruits often reduce the yields in some varie- 
ties. It is also believed that a certain amount of sterility exists. 

The fruits are reputed to keep for a long time. 

Papaya (Carica papaya). 

It is one of the quick growing and heavy yielding fruits and 
compares with the banana in the matter of food production per 
acre, nutritive value and ease of cultivation. Unfortunately it has 
not yef found favour with the consumers of this country though in 
Ceylon, this excellent fruit is in great demand. 

Area and importance. — The area under the fruit is not accurately 
available. Owing to the prejudices against the fruit there are few' 
or no orchards growing this fruit exclusively on a eoinraercial scale. 
But it is found in several home compounds all over the State. The 
area may be estimated to be well over 1,000 acres. 

Climate and soil. — ^It is a tropical fruit and cannot tolerate 
frosts. It is found to grow up to elevations of 5,000 feet above sea- 
level. All regions of South India except the very high mountain 
regions are suited to its cultivation. Frequent cyclonic weather, 
however, may cause damage to the crop. 

It is adaptable to a variety of soils but is best at home on rich 
loams of uniform texture and good drainage. Ill -drained conditions 
even for temporary periods cause serious damage and even sudden 
death. 
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Varietal introductions and trials , — Being propagated from seed, 
papaya cannot have true varieties, in the accepted sense of the 
term. But wince certain types are met with, which are different 
from one another in well-defined characters, they have been popu- 
larly called varieties. Probably it would be less confusing if they 
are referred to as types. 

Of such types tested at the College Orchards, Coimbatore, it 
was found that the seeds produced varying proportion of seedlings 
which were unlike the parents. But by continuous selection, it 
was found possible to reduce the off-types in the progeny to a 
minimum. Honey Dew (called in vernacular as Madhu Biiidhu) 
and Washington were the most popular in the South. Several 
strains introduced from South Africa and tried at the Fruit 
Eesearch Station, Kodur, have failed to thrive. 

Evolution of strains — (Ij By selection . — Since papaya is cross- 
pollinated and there is a good deal of variation in the progeny, it 
offers many possibilities of selection of types, luit the fixation of 
the characters in a pure line is however difficult and maintaining 
the purity of the strain or \aricty after it is issued for extension i.s 
still more so. 

At the Kullar Fruit Kesearch Station, a local selection was 
made w'hich had many de.sirable ehiiracter.s. It produced about 
70 per cent of female trees la the progeny; the seedlings com- 
menced flowering even in the third month ; it hore up to lOO fruits 
per tree in the first year ; the fruits were borne on the stem oven at 
18 inches from ground level. If these (diaract eristics are fixinl up 
to a reasonable measure this is an outstanding achievement consi- 
dering the diflSculties encountered in llic evolution of strains in 
papaya. (Plate 55). 

(2) By hybridization . — The sex variation of the papaya is 
complicated. There are primarily three forms of sex, the male, 
female and hermaphrodite. There are several comhinations of these 
forms. Each of them gives a different sex segregation iu the 
progeny which leads to confusion. I’he dioecious type wliich gives 
better quality fruits has the disadvantage of deteriorating easily 
owing to the inevitable cross jHillination and the oc.carrence in the 
progeny of about half the number of male plants which find them- 
selves into the garden since the sex cannot be detected in the 
seedling. The hermaphrodite type has, on the other hand, the 
disadvantage of bearing a large number of mis-sha[>en fruits 
unsuitable for the market. 

(3) By other methods . — Trials have been conducled at 
Kodur, Coimbatore and Kallar to propagate papaya by vegetative 
methods in order to standardize varieties. Inarching, cleft graft- 
ing and side grafting have all been successful. 

Attempts to graft papaya on the hill papaya (Carica canAa- 
marcenns) have also been successful opening ixissibilities of grow- 
ing papaya at higher elevations where the hill papaya does well 
while the ordinary papaya cannot thrive. 




IHate r>r ». — Papayja in {Hnilmr Lon<j) 

Kallar Fruit Station, 


l\ ?C7 
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But the main diflBcuIty in all these cases is the noa-avaiia< 
bility of enough scion material. Papaya does not branch profusely 
and notching to induce branching has not been an unqualified 
success. Further, the crop stands only for five years after which 
it has to be replaced and the number of plants required per acre 
for each planting is so large that grafting must wait for a very 
long time before it becomes popular. 

Agronomic trials and experiments — Nursery . — The seeds after 
extraction are washed to remove the gelatinous covering and dried 
in shade. The seeds are best sown immediately after drying, in 
seed beds of convenient size. Four to eight ounces are usually 
required to give enough number of seedlings to plant an acre. 
The season of sowing may be any but the hottest months. 

The seedlings will be a mixed population of about equal 
number of males and females if it is the ordinary dioeceous type. 
Several beliefs exist that characters such as a straight tap root, 
vigour and such other seedling characters are associated with one 
sex or other. An instrument was also devised which, it was 
claimed, would detect sex not only in papaya or oilier trees but 
also in eggs as well. But all these have proved of no avail to know 
the sex in the seedling stage. That means, in the planted orchards 
about half the number of males will not bear any fruit. It is 
suggested that if four seedlings per hole are planted, the chances 
are that in over "90 per cent of the pits there will at least be one 
female seedling so that when they grew up, the female plant can 
lie kept, removing the rest. 

The seedlings are transplanted in about 75 days after sowing 
taking the usual care and precautions. The spacing given is eight 
to ten feet. 

Irrigation, culture and manuring.— -Care should be exercised 
in irrigating to see that excess of moisture at root zone and prolong- 
ed contact of stems with water are avoided. Trees which tend to 
grow tall and boar near the crow'U may be headed back to bring the 
bearing region closer to the ground. Shallow culture may bo given. 

Harvests and yields . — Papaya flowers in the sixth month 
usually, and the first fruits may be obtained in about 10 to 12 
months and it continues to yield all the time afterwards, except in 
the colder months. The yields from a single tree may vary from 
30 to 160 fruits. The weight of the individual fruit may be one to 
over 161b. The acre yields vary with variety, .soil and climate. 
Yields of 30,000 lb. are common and 60,000 lb. have, been also 
obtained. The papayas yield till a very late stage but commercial 
yields dwindle down after the fifth year. 

Storage and products. — ^The fruit is not a good keeper and 
has to be handled very carefully in all stages. It is a delicious 
breakfast fruit. It can be canned. Papaya jam has been pre- 
pared at the Fruit Products Research Laboratory, Kodur. 

A.M. — 31a 
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The most famous product that is produced from papaya is the 
papain which has assumed a great commercial importance in our 
neighbouring country, Ceylon. 

The industrial possibility of preparing papain from papaya 
juice was shown at the Madras Industrial Exhibition held in 1917. 
The following extract will explain the method of preparing 
papain : — 

“ Papain is a digestive enzyme acting on proteids and 
converting them into soluble peptones. In this respect it resem- 
bles the pepsin of the gastric juice but is superior to it in that the 
latter can act only in acid media, while the former can act in acid, 
alkahne or neutral solutions. The ferment can be easily obtained 
from the juice of the papaya fruit. Unripe fruits, as they stand in 
the tree, are pricked with a small knife when a milky fluid exudes 
w'hich soon coagulates to a plastic mass. A fair quantity is thus 
collected from a number of fruits — the fruits themselves not being 
spoiled in any way — and then extracted repeatedly with water in 
which the papain is soluble. The liquid is filtered, evaporated at 
50“C. in vacuo and the residue again dissolved in the smallest 
quantity of water. The enzyme is now prec:[)itate(l by the addi- 
tion of alcohol, filtered, dried at a temperature of 40®C, powdered 
and stored in bottles. The strength of the ferment can be deter- 
mined by adding a small weighed quantity of it to a definite weight 
of coagulated white of egg to which a drop of toluene may be 
added to prevent bacterial action ”. 

Dietetic vnlue . — The fruit is an important source of vitamin 
A and C and also several valuable minerals. It has very high 
digestive properties. The unripe fruit is used as a vegetable and 
when mixed w'ith meat it softens it in cooking. Even wrapping 
meat in crushed leaves of papaya is said to be effective. 

At the instance of the King Institute, Guindy, production 
of crude papain was undertaken at the College Orchards, Coimba- 
tore in 1942. This product, valuable in the preparation of cholera 
bacteriophage, was in great demand during that year to combat 
the cholera epidemic. Nearly 30 oz. of papain were collected from 
974 fruits and supplied. 

Work of Research Stations and the future . — No correlation 
between sex and seedling characters has been found at the Fruit 
Research Station, Kodur. Inarchmg, cleft grafting and side graft- 
ing were successful at Kf>dur, Kallar and Coimbatore. Papaya 
which can commence bearing in 12 months and yield at 30,000 lb. 
per acre of good fruits has a bright future in the country. The 
existing difficulty about keeping up the purity of the types can be 
overcome by judicious selection of seed from the interior of orchards 
and by zoning of varieties in the different regions of the State. 
More demand for the fruit should be created. This is being 
achieved near urban areas and with educated people. 
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Sapota (Achras sapoia.) 

Area and importance. — The area under the fruit in Madras 
was estimated as 220 acres. 

Climate and soil. — It is a tropical fruit but can be grown up 
to an elevation of 4,000 feet though good yields can be obtained up 
to a height of 1,500 feet only. I’rovided there is a supply of 
sufficient moisture at the roots, the tree can grow equally well in 
humid and arid conditions. It seems to prefer sandy loams but 
has been noted to come up well even in lateritic gravelly soils, 
the littoral sandy strips, as also in the clayey black cotton soils of 
Ceded districts. 

Varietal collections and trials. — Of about dozen varieties 
under cultivation in the State, seven had been grown at the Fruit 
Kesearch Station, Kodur, and the following were promising : — 
Cricket Ball, Dwarapudi, Kirthabarathi , Calcutta and Pala. There 
are different forms which go by the last name and it is more 
appropriate to adopt I’ala at a group name. The pot sapota is a 
dwarf and precocious type that can be grown even in pots and for 
ornamentation. 

Agronomic trials. — Propagation by seed, layering and ‘ gootee- 
ing ’ and inarching are common. Bassia long i folia, B. lalifolia, 
Mimu.’iops elangi and Mimusops hexandra are all useful as root- 
sfocks of whicli the last is most commonly used, the Bassias 
forming incompatible unions. Trials at Kodur have shown that 
side grafting of sapota is possible. At Taliparamba it was 
brought out that August and September are the best months for 
inarching giving cent percent success white side grafting in (he 
same period gave only 33 percent ‘ take ’. In Taliparamba top 
w’orking inferior sapoia trees by the slotted side grafting method 
used for mangoes gave a 50 per cent take. The grafting was done 
after loping off the limbs. 

Harvests and yields. — Grafts commence good bearing in about 
four years. It fruits all the year round with ireak harvests in 
February to June and Bepteniber to October. At Taliparamba 
sapota came into flush and flower once in two months and fruits 
yvere available for harvest all the year round, except in September. 
The peak seasons were November-December and March to June. 

The fruits are harvested when the colour immediately below 
the rind changes to a light hue. 

A yield of 1,000 to 2,000 fruits per tree may be Expected from 
the tenth year. 

Sapota products are not popular and the fruit is much better 
liked as a. dessert fruit. No attempts have been made 'in this 
country to prepare chicle from the milky latex as is done in 
the U.8.A. and Mexico. 
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The Bspota is a hardy fruit which can be grown in varied 
conditions of soil and climate, with little care or attention and as 
such it is a fruit which should find a place in all orchards. The 
area is estimated to be making a steady progress. 

Annonaceous Fbuits. 

Four species of Annona are grown in this State. They are so 
adopted to the various climates and soils in the State that at any 
given place we may cultivate one or another of these species. 
They are mostly grown wild and no figures of any reasonable 
accuracy are available regarding the area. 

Climate and soil . — The Annona squamosa or the custard 
apple, the well known Seethaplial is a very popular fruit all over 
South India. It enjoys a hot and relatively dry climate but can 
be grown up to a height of 3,000 feet as also on humid hills slopes. 
It grows on the poorest of soils and rocky situations. 

The bull’s heart or the Ramaphal (/I. reticulata) is less common 
but comes up in all situations in which the custard apple grows. 

The soursop {A. muricata) a large ovoid fruit with spines is 
not very common in this State, though being a tropical fruit, there 
is no reason why it cannot be grown in the hot arid plains. Pro- 
bably its unpopularity is due to its sweetish sour taste which is 
not relished in Madras. 

The cherimoyer {A. Cherimolia) has been successfully gr«)wn 
up to elevations of 7,000 feet, and above 1,500 feet, it is held to 
be a delicious fruit by the Europeans. 

Agronomic experiments . — The propagation is usually by seed. 
At the Fruit Besearch Station, Kallar, scions from a selected 
parent of custard apple were inarched on its own seedling, on 
bull’s heart, soursop and an allied species A. palustris. Grafts on 
custard apple stocks set fruits in eleven months after separation 
of inarches. 

Cherimoyer and soursop have also been similarily tried on the 
above rootstocks. Both of them have been precocious on bull’s 
heart seedlings at Eallar. 

At Coonoor the custard apple and bull’s heart were not suitable 
rootstocks for cherimoyer. 

A jMlustris gave 100 per cent take with cherimoyer scions 
while it gave 80 per cent on cherimoyer stocks in May and July 
operations. 

A comparalive trial of cherimoyer seedlings and grafts on their 
own stocks indicated that in the early stages, seedlings were found 
to be more vigorous than grafts. 

Hartesting and yields . — ^The custard apple seedlmgs come to 
bearing in three to four years. There is a large variation from 
tree to tree in yield, weight of fruits and number of seeds per 
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fruit. The custard apple is in season from August to December. 
Sixty to seventy pounds is the average tree yield. Tlic soursop 
also bears fruit from June to August. The bull’s heart is in season 
from January to May yielding about 100 lb. per tree. 

The cherinioyer is in season about December and bears about 
lOU fruits per tree. It is reported that in all the species of 
Annona, some dilBculty in pollination exists which when got over 
may lead to better fruit set. 

Products . — The sieved pulp of custard apple when boiled with 
three-fourths of its weight of sugar and 0.5 per cent gives a good 
jam with milk flavour. 

When selections are made and vegetative propagation intro- 
duced the fruits may become more popular. Delicious products 
can be made out of these fruits wliich may capture foreign 
markets. Deing hardy fruits wlneh can be reared witli little care, 
they may be grown on lands less suitable for other fruits. 

Jack ruiiiT (Artocarpus hit egrif olio). 

Jack is a very useful fruit tree and grows almost wild. The 
trees usually attains a large size and hence no attempt is made to 
grow them on a field scale. The ripe fiuit gives edible carpels 
while the unripe one is used as a vegetable. The wood is one cf 
the choicest timbers of exquisite colour and is used in the manu- 
facture of the musical instrument ‘ Veena ’. 

Climate and soil . — It thrives both in arid and humid zones but 
prefers a plentiful supply of moisture in the soil especially in 
summer. It requires well drained, rich deep soils of open 
texture. 

Varietal trials and evolution of strains . — There art" no rec(»g 
nized varieties though distinct types are known, one with soft flesh 
and the other with crisp and hard flesh. There are evidences of 
tree variation in the quality of fruit and yield and this aflords 
possibilities of selecting strains. For this purpose selections from 
liurliar, Coimbatore, Puttur, Budinaikanur, Kozhikode, Olava- 
kode, Tanjore, Cuddalore and Madras, are under trial. A variety 
(ailed Singapore jack was tried ai all Research Stations, but has 
belied its reputation to yield within 18 months. The casualties 
have also been many. 

Agronomic trials . — For perpetuation of varieties and strains, 
trials were conducted at the Kallar Fruit Researcli Station for 
inarching jack on its own seedling, on that of an allied vspecies of 
A. hirsuta and an allied type called Rudrakshi. The methods of 
whip grafting, layering and rooting of cuttings treated with 
hormones all failed. Budding also has so far not indicated a?iy 
success. 

Cropping^ harvests and yields. — The jack seedings commence 
bearing in about four to seven years. The season of harvest is 
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from March to July in the West Coast, April- September in hill 
slopes and June to August in the Gircars. Some trees yield a 
small off-season crop. Individual fruits weighing 80 lb. have 
been known. At Taliparamba a plantation of 268 trees gave an 
average yield of 18*5 fruits per tree with a maximum yield of 260 
fruits per tree. 

The bulbs have been canned for the first time at the Fruit 
Produce Besearch Laboratory Kodur. A — 2 i size plain can, 40° 
Brix syrup and pressure cooking at 240* F (10 lb. pressure) for 
85 minutes in an autoclave were employed. The canned product 
was fairly good. The pH. of jack fruit is 4*6 and hence pressure 
processing is necessary. 

Pineapple (Ananas sativus). 

Pineapple fruit is renowned all the world over for its good 
taste. It is capable of producing heavy yields and can be grown in 
the alleys of other widely spaced fruit crops especially in their 
prebearing period. 

Area and importance. — ^It is estimated that pineapple occupies 
an area of 1,400 acres in the Madras State, distributed mainly in 
the West Coast and round about Simbachalam in Visakbapatnam 
district. 

Climate and soil. — ^It is a humid tropic fruit but can grow in 
arid climates if irrigation is provided. Where the temperature 
rises high it is advisable to grow this crop in the shade of tall trees 
as in coconut or mango orchards. 

Pineapple prefers a well drained soil of open texture with 
irrigation facilities. On the hill slopes it thrives with le8.s care 
than on plains. In the lateritic hill slopes in the heavy rainfall 
areas of the West Coast the fruit has great possibilities of exten- 
sion as a waste-land crop. 

Agronotnic trials and experiments. — ^Pineapple is usually 
propagated by basal suckers. Slips that arise below the ' apple ’ 
and crown and the crown slips that arise around the crown can 
also be used. A preliminary trial of the method of propagation by 
stem discs was undertaken at Kallar in 1948 with Kew and 
’Mauritius. The germination was very poor in both the varieties 
and the few plants that germinated also failed to establish. 

Harvesting and yields. — The plants yield in 12 to 18 months 
of planting suckers. They may yield two or three more crops on 
the same site after which they decline in yield and should be 
replaced. A trial of hormones to force earlier maturity has been 
instituted at Kallar with Kete and Mauritius varieties. The mean 
yield in Madras was about 5.5 tons per acre. This is small 
compared to other countries but if rainfed plantations are excluded 
from the average, the yield is likely to be appreciably more. The 
in the West Coast comes np in April-Jnne while that in 
Gircars is in season from June to August. 
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Products . — Canned pineapples are the most popular tinned 
fruits in the country. Methods of preparing the juice, jam, 
candy and canned product have been worked out at the Fruit 
Products Kesearch Laboratory, Kodur. A Pineapple eye extrac- 
tor which is of immense use in the industry has been devised at 
the Fruit Eesearch Station, Kodur. 

Dietetic value .’ — ^It is a good source of Vitamins A and C and 
contains a fairly large amount of iron. It is capable of giving 
juice on expression to make delicious and healthful drinks. 

Discussion on future . — As a fruit that can be grown under 
varied conditions of climate and soil, and as an inter-crop during 
the prebearing period of the orchard, pineapple is a valuable crop. 
Being largely suited to the canning industry the fruit deserve? to 
be encouraged on a wider scale. 

Guava (Psidium Guajava). 

Guava is a hardy fruit which can be cultivated with little care 
and is popular as a homeyard fruit. It is not esteemed as a 
dessert fruit probably because of its seeds which are considered to 
cause indigestion. The planting of orchards to seedle.ss varieties 
might make the fruit more popular. 

Area and distribution . — ^The area in Soutli India is estimated 
at 2,500 acres. It has attained commercial proportions on the 
river banks in the Circars especially of the Sarada river and 
Krishna river and round about Hindupur in .\nantapur district. 

Climate and soil . — An arid and hot climate is preferable 
though it may grow also in humid situations. Well drained soils 
of open texture are required for its culture even though they might 
not be fertile. The commercial plantations in our State are 
usually found on sands intermixed with alluviums. 

Varietal introductions and trials . — The existing orchards are 
all seedling trees and therefore of no recognized merit. There 
are mainly four groups of guavas, red fleshed and white fleshed, 
seedless and seeded types. 

Of varieties from the Uttar Pradesh tried at the Kodur Fruit 
Research Station the following were found to be of some merit : 
Smooth Green, Allahabad, Red Fleshed, Nagpur Seedless, Saha- 
ranpur Seedless, Hafsi, Chittidar and Seedless and Karela. 

Agronomic trials . — ^It was found possible to multiply the plant 
by layering, and inarching on its own seedling and also from 
suckers arising from roots. The root suckers are not desirable 
as propagation material, since injury is caused to the roots during 
their removal. 

Irrigations, culture and manuring . — On the river banks where 
they are usually grown no irrigations are given. No pruning or 
training is done in the commercial orchards in this State. It has 
been found possible to train guavas as a cordon along wires when 
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they look evergreen, while yielding appreciable crops under care. 
It has been observed that guava bears on the current season’s 
shoots arising on past season’s Wood. This suggests that heading 
back past season’s growth up to three buds might induce better 
fruiting. 

Harvests and yields . — Guavas commence bearing withinfour 
years. There are usually two crops in June-July and October- 
December. When the first crop fails owing to floods, the second 
season often extends up to February. A light third crop is also 
harvested from February to April. 

The grafts and layers at Kodur were found to hlossom in 
June-July and January-March. An eight-year old Smooth Green 
tree yielded 800 fruits. The Red Fleshed variety yielded 700, 
and the Allahabad 500 fniits per tree. The seedless varieties 
yielded far less — 125 fruits per tree. On cordons, the yield of 
Chittidar, Hafsi and Safeda was only about 200 fruits. 

Products . — Trials at the Fruit Products Research Laboratory, 
Kodur, showed that fruits with thick white flesh and email seed 
cavity give a good canned product that resembles the canned 
pears of commerce. Guava jelly is an excellent product. 
Guavas can be dehydrated to yield a powder rich in Vitamin C. 
At Kodur it took 20 hours to dehydrate Nagpur Seedless at 
120‘-130*F. 

Dietetic value . — An analysis for Vitamin C of the following 
Kodur guava varieties by the Nutrition Laboratories, Coonoor, in 
October 1942 gave the following results : 


Variety 

Saharanpur Seedlees 




Vitatnin 0, 
■■ng-lg. 

3-1 

Allahabad 




6*S 

No. 46 

• • 



4-9 

Smooth Green 

, , 



2-8 

Red Fleshed 




4*5 

Nagpur Seedleaa . . 

. . 



4‘6 


The future . — ^This fruit, which is rich in Vitamin C, is easy 
of culture growing even under conditons of neglect and may 
become popular, if not for the table value of the fresh fruit, for at 
least the delicious jelly that can be prepared out of it. 

ZiZYPntTS (Z. Jujuba). 

Area and importance . — One of the few xerophytic fruits, it 
may be called the hardiest fruit of the warm arid plains. 'The 
fruits from the superior forms are eaten by the urban jxipulation 
while the inferior forms yield small fruits consumed locally by 
the poorer classes. 1’he plant is also a host for the lac insect. 
The fruit is estimated to occupy about 500 acres in this State, 
mostly in the districts of Coddapah and Eurnool. 

CUmate and soil . — Zizyphus is adaptable to any situation and. 
tolerates a certain amount of alkalinity and water logging. 
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Evolution of strains . — Strains of zizyphus were evolved at the 
Fruit Besearch Station, Kodur, using rootstock available locally. 
The scions were, however, selected after a survey from trees free 
from attack of the fruit fly. 

Agronomic trials and experiments . — It is found possible to 
bud Zizyphus successfully on its own seedling as also on those of 
Z. rugosa, Z. rotundifolia, Z. Ocnoplia. Shield budding is pre- 
ferred to ring budding. Seeds of all these germinate slowly and 
transplant poorly. It is therefore advisable that the seeds be sown 
in situ and budding done later when the seedlings attain the 
required size. 

Harvesting and yields . — The jujube bears in two years after 
planting. The fruits are harvested from December to April. 
The yields may be 5,000 to 10,000 fruits per tree per y(>ir, but 
most fruits contain maggots of the fruit-fly. 


Musk Melon (Cucumis Melo). 

The musk melon is an important commercial fruit in the river 
beds in Cuddapah, Kurnool and Anantapur districts, especilaly in 
the villages of Sidhout and Chennur on the bed of the river Pennar. 

Climate and soil . — This is an annual fruit, growing in the dry 
part of the year from December to June. The river sands seem 
to be the ideal soils for its culture. Attempts to grow them in the 
best garden soils are reported to have not given fruits of the same 
quality. 

Varietal introductions and trials . — The varieties commonly 
grown in Cuddapah are the Batliasa, Shcrtiat, .Inar, Shiranjir, 
Hingan and Budama. Thirteen varieties of melons were 
imported from Bussia and tried at the Fruit Research Station, 
Kodur, along with local varieties, but they failed to thrive. 

Harvest and yields . — The vines commence to flower in about 
40 days from sowing and fruits mature in 70 to 80 days. Later 
sowings tend to mature earlier and earlier sowings a little longer. 
The fruits from the later sowings are reputed to be sweeter. In 
spite of the set of ten to twelve fruits on a vine only two or three 
are carried to maturity. 

Products . — Musk melon has been canned both as cubes and as 
pulp. But further work on canning conditions is necessary' as 
melons have an alkaline reaction and may require neutraliz.ition. 
Melon jam with or without lemon is an important article of com- 
merce. A method of preparation of jam has been perfected by 
adding } the quantity of sugar and 0‘5 per cent tartaric acid. 
The quality is improved by adding shredded ginger or sliced lemon. 
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Water Melon {Citrultus vulgaris). 

Water melon is being grown usually in the same tracts where 
musk melons are cultivated. 

Climate and soil. — The water melon is more adaptable to 
climatic conditions than the musk melon. It is grown during 
the same season as the musk melon. In the river beds where 
they are grown together, spots farther away from the midstream 
are usually selected for the water melon. Unlike the musk melon, 
water melon.s adapt themselves .to garden land and hill soils. 

Varietal introductions and trials. — The popular varieties in 
Cuddapah are the Surai bearing longer fruits and Gota Bearing 
lound fruits. There seems to be red seeded and black seeded 
strains in both the varieties. Another sparsely cultivated variety 
called Mecca Tarbuz is known for its keeping quality. 

It is reported that of the five varieties from Quetta tried in 
the autumn of 19-10 at the Poinological Station, Coonoor, the 
white, red and black seeded melons established well, while the 
Zarda and Kharbooja failed to thrive after fruit-set and died 
prematurely. 

Evolution of strains. — From the above three varieties, seven 
distinct types based on the fruit characters were isolated. Of 
them two types proved to be worthwhile multiplying. 

.igronomic trials and experiments. — February and March are 
found to be suitable months for sowing. 

Harvesting and yields. — The water melon fruits take a little 
longer to mature than (hose of the musk melon, taking four to 
five months on the hills and three on the plains. Bach vine yields 
three to five fruits and the maximum weight of a fruit obtained .at 
Coonoor was 14 lb. 

Products. — The cold pressed juice of water melon may be made 
into squash of good quality and preserved with sodium benzoate. 

Minor fruits of the pIjAIns and the humid tropic zones. 

There are a number of minor fruits grown in several parts of 
the State some of which can be popularised by systematic culture. 
Important aspects that have come up for study and observation 
are dealt with below. 

Mangostbbn {Garcinia mangostana). 

Of the minor fruits this is the most valuable and has great 
potentialities of becoming a commercial fruit in Madras. The 
fruits are delicious and keep for a fairly long time. Owing to 
the thick rind it can stand transport well and is suited for export. 
At present Madras holds the monopoly in the fruit and the total 
area is about 26 acres- 

It is a humid tropic fruit growing at low elevations with a 
rainfall of more than 60 inches. There are no varieties. Fruits 
are supposed to set without cross pollination and the seeds are 
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also slightly polyembryonic. These two facts are responsible for 
the absence of variation in the seed progeny. At llic Kallar Fruit 
Eesearch Station, six trees of merit based on their yield in the 
main and off seasons and their resistance to the gamboge disease 
were isolated. 

The germination of seed was found to be highest (70 per cent) 
if seeds freed of pulp are sown within five days of extraction. T^he 
casualties in transplanting are many and trials are in progress to 
reduce them to minimum. 

Vegetative propagational methods such as tongue layering, 
cincturing, budding, side-grafting, inarching were all under trial 
on rootstocks of allied species and have so far not indicated success. 
The main difficulty seems to be that there is an initial success in 
the form of a high ‘ take ’ but further extension growtli is not 
made by the scions which finally wither off. Of the several species 
used as rootstocks, Garcinia tinctoria offers some promise of 
success. 

Observations on extension growth showed that new’ vegetative 
growtli contributes little to the crop borne in any season. It was 
also noted that vegetative giwvth commenced at the end of the 
crop season. 

rriming trials indicate that mangosteeii trees are intolerant to 
pruning of shoots or of leaves. 

The period from flower to fruit maturity is not constant in 
all seasons. The yields and bearing season d(‘pcnd on the weather 
conditions. Analysis of perfoimance of trees and weather data 
showed that dry weather preceding fruit set favoured crop size. 
It has two bearing seasons with an average yield of 210 fruits per 
tree, the highest recorded yield being 500 fruits on one tree. 

Durian {Durio Zebithinus). 

It is a tall tree bearing fruits of the shape of a small jack fruit 
with whitish buttery flesh and a very strung smell edten repulsive 
to those not accustomed to eat it. The seeds also are edible. 'Flic 
fniit can be salted and preserved. 

Trials at Burliar showed that inarching on its own seedling 
would give a * take ’ of 50 per cent in September and January ofiera- 
iions. Usually trees come to bearing at the twelfth year; 
although some at Burliar failed to bear even after this }>oriod. 
The tree yields about 50 fruits per vear, each fruit weighing li to 
2 Ib. 


Litchi {LUchi chinensis). 

This popular fruit of North India, prized very nuieh in China 
and Japan as fresh fruit or dried or canned product, is little known 
in this State. 
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Six varieties, namely, Bedana, Deshi, Calcutta, Dinpur, Purbi 
and Bose-scented have been tried at the Kallar Fruit Besearoh 
Station. Of them Deshi and Purbi flowered for the first time six 
years after planting. 

Fropagational trials were carried out on all the six varieties. 
Purbt gave a rooting of 91"7 per cent by tongue layering in 
September and Bedana 70 per cent rooting in January operations. 

Inarching on its own stock produced only a 30 per cent 
• take 

Softwood, semi-hardwood and hardwood cuttinge failed to root 
when treated with Seradix compounds. 

At Kallar and Burliar the trees blo.s8om only once in December 
and the fruits mature in May, while it is reported that two crops 
are borne at Hessarghatta in Mysore State. The yields vary widely 
with seasonal factors and at Burliar averaged to 28G lb. per tree 
in 1945-46 but to only 93 in 1944-45. 

Avocado Pear {Persea americana). 

(Butter fruit or Alligator pear.) 

This fruit reputed in the United States of America and Mexico 
as a very nourishing fruit of high dietetic value producing larger 
quantities of food in terms of calories per acre than any other fruit 
is hardly liked in South India. The fruit is grown on the 
Shevroys, Nandi Hills, Lower Palnis, Courtallam and Kallar and 
Bmliar. 

J’ropagation by tongue layering gave 75 per cent success in 
January 1946. Inarching on its own seedlings gave 50 per cent 
‘ take ’ in September 1946. Ordinary cincturing of shoots did not 
produce root priinordia, but shoots cinctured on the tree itself, 
separated three months later and planted in the ground under 
etiolated conditions gave some signs of success. Budding trials by 
the modified Forkert method gave some slight indications of 
‘ take ’ in the beginning but ultimately ended in failure. 

Attempts to root cuttings at three stages of maturity as soft- 
wood, semi-hardwood and liardwood by application of proprietary 
products as Hortomone A, Seradix A, Bl, B2 and B3 failed to give 
any success. Thus it would appear that the only feasible method 
of vegetative propagation of the fruit is by tongue layering. 

The blossoms appear in March-April at Kallar and occasionally 
in November-December. The fruits ripen five months later. The 
long type is observed to be earlier by a fortnight than the round 
type. The yields of this fruit have rarely exceeded 36 lb. per tree 
in Madras. 

CaraiiIbola (Avetfhoa earambola). 

The sour type of this fruit is a delicious substitute for 
tamarind in culinary preparations while the sweet type may be used 





Plate. 50. — Star apple tree, 
Kallar Fruit Station. 


r. 382 
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for drinks, jams, jellies and pickles. The pulp of immature fruits 
is reputed to remove stains fronr linen. 

The usual method of propagation is from seed. At the Fruit 
Kesearcli Station, Kallar, layering gave a success of 67 per cent. 
The layers could be separated in 70 days. Inarching on its own 
seedling gave a take of 80 to 100 per cent in July and January 
operations, the latter month being preferable. It was also noted 
that inarched plants came to bearing within ten months of planting 
while seedlings took five years. 

The trees yield throughout the year with peak harvests in 
January-February and September-October. The yields varied 
from KK) to 250 lb. in a year. 

Kosb Appu3 (Eugenia jamhos). 

J'his tree producing delicately flavoured fruits is found in liulh 
and and humid tracts of South India up to an altitude of 1,000 
feet. It is usually raised from seed which exhibits polyenibr^^ony 
giving a mean number of 1-33 seedlings per seed. Layering vvrw 
tound to be a success with this fruit tree. The trees lilossom in 
January and the fruits mature in March-Aiirii. 

Kngcuia javanica . — Layering has been successful at Kodur and 
inarching on rose apple stcx^ks was found feasible at Kallar. 

Thigenia uniflora . — Popularly known as Surinam Cherry, ii 
produces scarlet coloured fruits. It is grown at the Coonoor and 
Burhar Fruit Stations. It is found to stand clip[)ing well and may, 
therefore, be suitable for live hedges. It is more or less a hill 
fruit coming up only above elevations of 1,500 feel. Trials of 
cuttings did not succeed. 

Star appj.e (Chrynophylluni cainito). 

Propagaiional trials on this ornamental fruit tree conducted at 
Kallar indicated that tongue layering is a success. It yields fiuiu 
from February to March. (Plate 56.) 

Indian GoosnuEUuy (Phyllanthus emhlica), 

fl’his fruit reputed as a gcK)d source of vitamin C, has been 
dehydrated for use by the army in the form of powder, tablets and 
candies. It also forms the basic constituent of the reputed Ayur- 
vedic preparation ‘ Chyavanaprash \ At Kodur the trees were 
observed to flower twice, in July and February. The second flimer- 
ing usually does not result in any appreciable crop. The pickling 
of this fruit is quite common in this State whihi candying is often 
seen in the North. 

Othrite Gooseberry (Phyllanlhus disiichus). 

It IS fairly common in home yards with ribbed pale fruits. Tt 
is obseiwed that the peak harvests at Kodur are obtained in Tamiar\ . 
Elsewhere it is reported to give two crops, one in April-May 
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and another in August-Soptember. It can be put to similar uses 
as amla but not so popular. 

BiiEAD Fbuit (Artocarpus communis). 

Though coming up well in humid tropical zones, it can also be 
grown in arid tracts if cultivated near sheltered spots amidst thick 
vegetation and well supplied with moisture. There are seeded and 
seedless forms, the latter being preferred. It is more commonly 
used as a vegetable. 

Studies at Burliar have shown that root-cuttings which may be 
six to eight inches long planted horizontally about half an inch 
deep in the soil during the monsoon season from the best source of 
planting material. If vertically planted the rooting is only 20 per 
cent. Koot suckers arising by themselves are also used as planting 
material. The trees bear in about six years of planting and yield 
over 50 lb. of fruits per year on an average. 

Falsa (Grewia asiatica). 

A fruit of comparatively recent introduction, Falsa thirves well 
in arid and warm plains of South India. The small berries having 
a large seed are reputed to give a delicious beverage besides being 
a good dessert fruit. The fruits are in season in summer. Unlike 
in the Punjab, the plant seems to yield well without pruning at 
Kodur where a single plant that has not been pruned is giving heavy 
crops. 


Wood Apple (Feronia ekpkanlum). 

The fruits of this common tree produce a jelly of a very go»)d 
set. It has been used as a rootstock for Sathgudi. 

Hill Fruits. 

Though Madras is jirimarily a tropical zone, there are some 
places on the hills which owing to their elevation resemble the 
climatic features of more moderate or what may be called warm 
temperate conditions. Attempts have, therefore, been made by 
individuals as well as by the department to grow the fruits of tlie 
temperate and warm temperate zones in these regions. The start- 
ing of the Fruit Eesearch Station, Coonoor, at an elevation of about 
5,500 feet had served as a trial ground for successfully introducing 
several fruits into the tract. 

The areas under the hill fruits are very small, some of them 
being confined to the Research Station, but their importance lies 
in the fact that they are all fruits which have attained popularity 
in the civilised countries of the West and tliey will form a valuable 
addition to our fruit wealth especially in those regions of high eleva- 
tion where fruits popular on the plains would not thrive. 
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There are vast regioue on the several hills in the State such os 
the Kodaikanal, Nilgiris, Araku, which have not yet been explored 
for the possibility of fruit cultiu'e. The knowledge gained at the 
tomological Station, Cooncxir, may be of immense value in making 
these hill slopes productive and add to the State’s fruit wealth. 


APPiiR {Malm iiidica). 

It was estimated that the number of apple trees m the State 
daring the year 1942-43 was about 2,400 grown m the Nilgiris, 
Sbevroys and upper Palnis. 

Climate and noil. — The apple requires a cold winter iieriod like 
tliat existing in Kashmir or Kulu Valley. Such cold and wintry con- 
ditions do not exist in Madras and hence the crop does not possess 
the vigour or longevity as the Kashmir crop. 

Soils of deep and uniform texture are suited to apple culture as 
for any other fruit crop. But their life being very short it seems 
not inadvjsible to grow them on comparatively shallow soils- 

Varietal introduction and trials. — From a trial of about 50 
varieties introduced at the Pomological Station, Coonoor, mainly 
from Australia, the following eight varielies have been selected for 
commercial cultivation. 

Early mriettcs {(ruiluig from May to middle of June) — (1> 
Zouches Pippin : A dessert variety immune to wooly aphis, not 
keeping well and therefore should be left on the tree till it is 
required for consumption. 

(2) Allsop’s Early — A culinai'y variety immune to wooly 

aphis. 

Mid-season varieties (fuitiny from the middle of June to the 
end of July ) — 

(3) Irish peach is a dessert variety immune to the wooly 
aphis and a prolific terminal bearer with three stages of blooming. 

(4) Carrington : A dessert variety having a regular bearing 
on spurs and non-spurs in equal proportions and resistant to the 
wo<»ly aphis. 

(6) Winlerstetn : A dessert variety with a relatively rapid 
growth, pronounced non-spur bearer bliximing in two waves, the 
first giving 95 per cent and susceptible to the woolly aphis. 

(6) Edward VII : A culinary variety susceptible to the wooly 
aphis pi^st, a spur bearer producing fruits in two blooms of equal 
importance with large fruits having better cooking ijualities than 
Allsop’s Ehuly. 

The lat« varieties — (7) Signe TilUsch : A dessert spur bearing 
variety with large fruits reputed for their keeping quality even for 
two months after harvest, resistant to the wooly aphis but 
Busoeptible to pink disease. 

(8) Borne Beauty : A popular dessert variety grown in Banga- 
lore with a good keeping quality, bearing ifs fruits mostly on non- 
spurs about 20 per cent and highly susceptible to wooly aphis. 

A.M.— 33 
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Evolution of strains — By selection. — ^Five promising selections 
froa\j^iv^,orcbardp in the Nilgiris, vis.^ i£lra(i<Iaclc’£ non^fKmel, 
nmif^mi of Russet ^ Paragon and two unnamed' seleetioas as also 
two o^ef^l^ij^tiQ^s, American Mother and Z>eltcfotw obtained from 
a^e under trial. . > 

methods . — 'jChe selecticm of rootstock for the apples 
on Nilgifis Ife mainly to induce resistance to woolly aphis. The 
usual stock employed is the root sucker of the (jrab apple, but the 
combination on the stock proved susceptible to wooly aphis. Trials 
with quince, China pear, PhoteiUa Lindleyam.loqvakt and Prunm 
ptiddum as rootstocks for apple did not meet with appreciable 
success.' " The Mailing stocks though quite .suitable as rootstock in 
other respects, were unsuitable against the wooly aphis. 

Finally, the Merton stocks No. 778, 779, 789 and 793 were tried. 
Of the four, 779 and 778 have been found to be of great promise 
not only on account of their immunity to the pest but also on 
account of the greater production of suckers in the propagation beds 
and the promotion of early vigorous growth on the scions grafted 
on them. Hence, these two stocks are now being largely employed 
for propagation of the apple varieties on the station. In the pro- 
doct]ou.of rooted suckers, M. 779 gave a mean yield of 1-22 suckers 
per mother plant, followed by 779, 789, Crab and 793 with 1'12, 
0-27, 0-25 and nil respectively. 

A rootstock trial employing all the four Merton stocks and 
including the common crab seedling with varieties Winlerstein 
and Rome Beauty is uuder way. With Home Beauty, the preli- 
minary growth increments recorded at the .end of 45 months of 
orchard life, allowed that M. 778 registered tlie maximum mean 
percoitage increase in girth and M. 779 the least. The plants on 
all the Merton stocks continued to be immune to wooly aphis. 

Agronomic trials and ej’periments — Propagational methods . — 
The bench .grafting method, i.e., grafting on the. rout by the whip 
and tohgoe method, has given a ‘ take ’ of 90 per cent with the 
vanetj Irish Peach as scion. The method of side grafting gave 
a ‘’’ iake/ of 80 per cent. Saddle granting was not an appreciable 
success. , , 

. 1?he methods of shield and flute budding produced a low 
‘ take of 26 and 20 iier cent only. 

The success of grafting was highest when performed during 
the month.of Pecember to , 

iPlamtiag.'—Tbe |)1anting'OB the hills is done from July to 
January. .. The spacing may be adjusted according to the tree siae 
and may be about i^n feet for the varieties Zouche’s Pippin and'* 
Si^ie.-> TiHiseh, 12 feet for ffarrmgUm . md AUsop*s EaHy uni 
15 fat Irish peach. . . . t 

Frequent s(ril dultme is neither possible not 
dewablo on the hills, because of the risk' of soil 
hai^,iliP^djng dwjng a dry, hi >AagBst and aaothfor in the 
begsn^.of wanmer la aB tfnatthi p co eso My . ^ 
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. Tree Unspmytd — Control. 

1 . Tret in fruit sprayed with 3 per cent linseed oil emulsion. 
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; Manuring. -^The usual practice is to apply a mixture coiitam- 
iagiiB bushel of cattle manure and one-fourth pound each of 
ammonium sulphate and super phosphate per tree till trees are 
three years old* double the quantity till they are about ten years 
and three to four times the quantity later on. 

A green-manure crop like the Tephrosia Vogelli is recom- 
mended to be grown in the alleys in the rainj season and pulled 
out and buried when it is about to set seed. 

Training and pruning . — The usual method of training adopted 
for commercial growing is the modified leader system but the 
cordon and espalier systems seem to be of some use in home gardens 
to combine utility with artistic effect. 

The system of training of apples by what is called the cordon 
method, wherein two main branches of the trees are retained dud 
tmined laterally along a horizontal wire, has been found to offer 
some possibilities of an earlier forcing of yields especially with the 
variety, Rome Beauty, which yielded up to 11 fruits in the second 
year of planting. 

No definite conclusions could yet be drawn with regard to the 
efScHmcy of pruning in increasing yields of apples. ' 

The non -spur bearers do not respond to severe restrictions of 
growth and hence are not suitable fur training as cordons as the 
spur bearers. 

The pruning of apples is done in December fot early varieties 
while late and mid-season varieties may be pruned in January. 

The pruned shoots may be burnt to avoid spread of disease. 
A spray of freshly slaked lime at 1 lb. in 10 gallons may also be 
employed as a prophylactic measure. 

Cropping and yields . — ^The apples flower in March at Coonoor 
and the earliest apple in the market is Allsop’s Early which is ready 
by the end of April. Certain varieties, produce more than one 
crf»p of flower. 

A three per cent emulsion of linseed oil when ^ sprayed oni, 
certain varieties of apples like 8igWe Tillisch. and Winterstan' 
during the dormant stage was found to brea^'the dormancy eairlier 
and led to an earlier blossoming and increased vield of nearly four 
to five, timea the normal crop. (Plate 57.) 

Trials in thinning of fruit to increase size and yield conducted 
over two msasons with theyariety Irish Pcadh, have shown that the ^ 
operation leads to a severe restnotion’ of crop size, the loss Anmni? 
from 11 per cent in the case of lighter thinning to as much as w-7 
per cent in the-oase of more severe thinning. The inceiuse in bize 
of .fruit has been very little and does not compensate the huge 
reduwthm-tin yield. . The practice of thinning, therefore, with the 
ohjecit of increasing fruit size and yield in apple is not to be reoom* 
mended on the Nilghris. 
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The yields vary with the varieties averadng to about 24 lb. 
in AUsop's Early and Irish Peach wd to atout 12 lb. in Sigtie 
Tiltisch and Winteretein. The maximum tree yield obtained in 
Irtsh Peach was 52 lb. 

Dietetic value. — The apple is used as a dessert fruit only by 
the rich. ' But the demand for this frmt has been great enou^ 
to induce foreign imports and from Norih India. No products are 
prepared in this country out of the apple, llie healthfd properties 
of aj^le have been summarised in the well known saying * An apple 
a day keeps the doctor away.* It is a fair source of vitamin 
besides having small quantities of vitamin A and C. 

■ Plum (Prunue salioing,). 

Area and importance. — The Japanese plum has yielded well m 
the climate of Coonoor and it seems possible to make it a commer- 
cial fruit of some importance in the region. But it has not been 
as popular as the a[^le because of the more perishable nature of 
the fruit besides being liked by fewer persons. It was estimated 
in 1942-48 that there are about 2,000 plum trees in Madras 
producing 60,000 lb. of fruit per year. 

Varietal introductions and trials. — Of the 35 varieties of plum 
tried at Coonoor the following have been selected as being of 
merit ; — 

(i) Dessert varieties — 

Early : (Fruiting in the last week of April) Rubio. 

Mid-season ; (Fruiting about the end of Mav) Gaviota and 

Hale. 

Late : (Fruiting from Ist June to middle of July) Shiro, 
Abundance, Czar, Kelsey, Satsuma, October Purple, Hale. 

(ii) Culinary varieties — 

Early : Alu Bohhara. (Plate 68.) 

Mid-season and late : Hale. 

Of the dessert varieties named above, Hale has been found to 
be the most productive dual purpose variety, blooming in three or 
fottr successive waves from the second week of February to the 
first week of March and is therefore to be recommended for exten- 
sive commercial planting. (Plate 69 ) 

Czar and Gaviota yield fruits of fine eating quality and are 
fancied greatly as dessert fruit while Shiro. Abundance Kelsey and 
Satsuma may be classed as fair dessert types. Bubio with its sub- 
acid taste makes a favourite culinary fruit while Ah Bokhara valued 
for itb prolific bearing and earliness in the season is a good stewing 
variety. 

Rootstocks . — ^The common jf^ach has been found to be the 
suitable rootstock for all varietiwi excepting Czar and Gaviota. 
Plum seedlings, and the East Mailing stocks, Marianna, BrompUm 
and Myrabolm were tried but gave only poor percent^ ot mccm. 





VlcUe 59 . — Plum “ Czar'' on common pcarh atod'. 

Note the sweHimj at the trunk ahncimj the 

incoinpatahUity of th''- stock and scion. P, 
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Ooe observation has, however, been made that the budded plants 
•tt plum on plum seedlings were strong and vigorous when com- 
pared with the plants budded on common peach. To obviate the 
incompatibility seen at the bud union in the case of Czar and 
Goviota plums budded on common peach and to select a compatible 
stoch for these two varieties a rootstock trial has been laid out', 
llie growth increments made by the scior* trees so far showed that 
with Gaviota as the scion, the maximum growth in respect of scion 
girth and height was recorded on Jiuhio stock followed by common 
peach and least on Hale. With Czar as scion the maximum growth 
was recorded on common peach stock while there was no appreciable 
difference among the other stocks. 

Trials of Prunus divaricata as alternate root8t<x:k to common 
patch on Ruhio, Hale, Alu Bokhara and Combination for six years 
reveifled that this stock is of doubtful utility for plum under C’oonoor 
amditions. 

Growth performances of seven plum varieties, viz.. Czar, Hale, 
Shiro, Alu Bokhara, Abtindance, Rubio and Gaviota on common 
peach stock have recorded the largest growth increment in scion 
girth in the case of Shiro, followed in order by Abundance, Hate, 
Gaviota, Rubio, Alu Bokhara and Czar. In the cases of Gaviota 
and .4la Bokhara, tlie increment in stock growth has out-stripped 
that of the scion. 

Agrorumie trials and e.rperiments. — Studies in the germination 
and growth of common peach and plum seedlings have shown ‘hat 
the percentage of germination of the plum is considerably less than 
that of the common peach whose rate of growth is also less. The 
maximam germination recorded was 3*6 per cent with Hale seed- 
lings as against the average of about 10 i>er cent with the seeds 
of common peach. 

The shield method of budding has been found .successful for 
propagation of plum, and has helped to reduce the nurser%’ co-sta 
considerably. Trials with Shiro and Gaviota scions showed that 
the shield method was superior to flute, the difference in succe.s8 
obtained by the two methods being as high as 38 per cent in favour 
of shield budding. January wras found to he the best month for 
budding. 

Planting . — The spacing given to palm plants depends on the 
spread which the variety might attain. It varies fn^m 12 to 20 
feet. November lo January is the period not suitable for planting 
plums on tile hills. 

Tmtintng and pruning. — ^The usual method of training <'f 
Jf^susse plums at Coonoor is the open-centered type. In varieties 
like Bdfa, the tree should be helped to grow a little upright. 
RuhiOi BMe, Oaoiota sod Early Jeirel have been trained to cordon 
stiSnu at tniutfig and are under observation. 



'rrials at the Foibological d'taii 9 Q, ^Ccwoor, ,h^Te ehoiirn U^iit 
iUdiscrikiihate and eevere pr(inin|[ u! plum txeea ywr 
leads not only to progressiye deterioration in, yield .but ^ 
gr^dal decrease in the vegeiative vigour th^ trees. An n u al 
{ifuning at least should be confined to the removal of dead Md 
diseased shoots and inter-crossing limbs apd to an. occasional tippiog 
of excessively bearing branches. By adopting tlm latter method, a 
t^n fold increase in yields in some of the heavy bearing varieties 
has been obtained. 

Studies have also shown that the varieties differ from each other 
in the extent of crop borne on the laterals. Laterals are important 
because they bear the sprigs. Heading back the laterals l.eaying a 
stub annually is a harmful practice and should resorted to only 
once in five or six years when the yields decline. The pruning 
eea&on at Coonotn is December and January. ^ ^ 

Cropping and yields. — Flowering in plums commences in 
December and continues up to March in late vskrieties. 

A peculiar characteristic of plum production is the phenpmemu), 
of self-infertility of certain varieties. The only way by which sneh 
fully or partially self-sterile varieties can be made to, bear is . byn 
planting these in conjunction with varieties which are suitable 
|K)llenizers. 

Pollination studies have led to the following tentative oonclu- 
sions: — 

(1) Pollination with Alu Bokhara pollen resulted in fruit set 
of 9*3 and lO'S per cent in Rvbio and Satsuma seedlings respectively 
while the selfed flowers of the latter two varieties by themselves 
recorded a fruit set of 6*6 and 10*3 per cent respectively, thereby 
proving that while Satsumd seedling is self-fertile, BuStn ia only 
partialfv self-fertile and its fruit can be increased by about 3 per 
cent by a suitable pollenizer like,dZtt pJSol^hani. , . 

(2) Hale was found to be a unifprinly suitable polleuiasr for 

Gaviota, Abundance, Shiro, Con^in^ion, Czar, the 

fmil; set recorded in each in the order given being 0*4, 6-9, 

15*4, 3-3 and 1*9 pfir cent rpqiectiyely. ,, Hole by itself when 
selfed recorded a fruit set of ,^1*1 per cept. , 

{%) Kelsey proved compatible with Abundance, HaU^ 
Combination, the fruit set in each of these crossed with it amounting 
to 4*6, 21*4 and 12*5 per cent respectively. 

Tn order to find out if the yields from, a s^ll-sterile mtyiety IikPi‘ 
Shiro can be improved by top working the sa^^wi^ a,! j 
pollenizer like Hale and Satsuma, a small observation triid was laid 
out during January 1948. While Hole branches flowered at^ set 
fruit vrithin a year of top working, the 8ai*uma branch^ failed 
to set Huit during the same period.' This' indicates cIomI^' an 
appreciably jcloser affinity of Shiro with Hde than with >'> 

A record of the frait set in the Shiro h»e in the immediate vkildlyrt 
of the tree top-worked to Hale showed a mean tree yield of flP 
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as compared with only nine la the trees with no polleoizers m 
midAt. ’ lliis ftleaVly indicates the advantages of top working 
inherently self'infertile varieties hke Sliiro to a suitable polleoizer 
like Hale in order to increase yields. 

Fruit thinning trials with a number of varieties have been con- 
ducted for a period of nearly five years with prolific varieties like 
Rubio, Alu Bokhara and Hale. The trial consited of thinning the 
fruits to leave a spacing of one or two inches between any two 
fruits. With the variety liubio results were somewhat successful 
add an inct'ease in size as well as volume of fruit in the case of one 
inch tfaihned trees to the extent of nearly 40 {)er cent over uuthinued 
trees, has been recorded. Although the results in the case of this 
variety have been conclusive of the benefits of fruit thinning similar 
trials with AUi Bokhara gave directly opposite results. Tliere was 
not only no increase in fruit size but the gross yields were ilso 
reduced by nearly 50 per cent when thinned. The differential 
results obtained with the two varieties lead to the conclusion that 
the benefits of thinning are largely dependent on the variety cr»n- 
cerned. A similar trial has also b^n initiated on the variety Hale 
where permanent thinning of the fruit bearing spurs is done iusteail 
of an annual thinning of the fruits borne on them. The analysis of 
the results showed that there was no perceptible increase in the size 
of fruit due to thinning of spurs. 

Observation of yields showed that there is no biennial bearing 
tendency in the plum even though large variations of yield ckcui 
fniiu year to year. The yields also vary with varieties averaging 
aiiout 70 lb. iier tree. 

Products . — Four varieties of Prunus domesttca, viz.. Splendour, 
Sugar, California d'Agen and Giant were tried at fwiniKir of which 
Sjdendour was found to give good prunes. A sainfile of prunes 
dehydrated by the Biochemist at Kodur, was declareil to lie of fair 
((uality and could be reconstituted well in hot water. 


The Pear (Pyrus communis). 

Area and importance . — Oompared to apph‘.s and plums, pears 
are more popular in Madras. They are of better keeping quality 
thkn phtms and cheaper in cost which probably account for their 
t>opidldri{y. 

The nears retjuire an elevation of 5.500 to 7,000 feet aliove sea 
level ana do better around Ootacamund than at. Co(^ntx)r. It was 
estimated in 1943-43 that the area in the State was alxiut 710 acres 
of whid) 657 were under the country pears while the rest of the 
area was under siqierior varieties. 

Vdrielb^ inUroducU’ons an^ trials . — From the trial of 20 varieties 
at C<KiDd(k/ pear alone was found to be suitable- 

Tfte. imme ‘ ooontry pear ’ is a misnomer as h is not indigenous 
to the country though foand in a semi-wild state. Being in 
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common use as a rootstock for other varieties of pear it is more 
appropriately called the stock pear. 

Four selections have been made from private orchards which 
are under observation. 

Propagational methods. — “ Whip and tongue ” grafting on 
stock pear rooted cuttings has given the best results among the 
propagation methods tried, giving almost a cent per cent success. 

For getting the maximum success in rooting of stock pear 
cuttings, splitting the base of the cuting, inserting a wedge between 
the splits and smearing a layer of cowdung over the tips of the 
cuttings have given the best results. 

The cuttings are generally planted on a small raised ridge with 
spacing of nearly six to nine inches between the cuttings. 

Trials indicated that the optimum period for planting stock pear 
cuttings for rooting was the last week of September wherein 
a maximum of per cent success in rooting was obtained. 

Shield budding of pear has given only a ‘ take ’ of 48 per cent 
and hence whip grafting is preferable. 

Some trials on top working on the China pear by cleft and 
whip grafting have indicated a great success recording a mean 
shoot length of six feet in three yearn, besides inducing earliness. 

Planting. — The most favourable months for planting was 
January. 

Training and pruning. — ^The pear is usually trained to the vase 
shape. The pruning adopted is similar to the one adopted for 
apple. The months of pruning are December and January. 

Pear orchard may be inter-cropped with strawberry. Cape 
gooseberry or tree tomato. 

Cropping and yields. — Pear trees flower from January to March 
and* fruits are ready for harvest from May to September, Kieffet 
being the last to come to harvest. 

The degree of self-sterility of varieties seems to be influenced 
by climatic conditions in the pear. Kieffer is reported to be self- 
sterile in some situations. Of the varieties at Coonoor, Williams 
and Beurre Giffard (Plate 60) are said to be good pollenizers while 
Jargonelle is a defective jwllenizer besides being unsuitable for 
commercial growing. It seems desirable that two or more varieties 
should be planted together for providing pollen for one another. 

The mean yield of Kieffer at CooUoor was 72 lb. per tree with 
a maximum of 110 lb. 

Storage ripening and products.— The fruits picked when they 
are easily separable from the spur are to be ripened by 
them in closed boxes. TTndeo' such conditions Kieffer peara 
in about a fortnight developing a goldmi yeltow colour and beomni^ 
soft. 
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Trials at the Fruit Products Research Laboratory, Kodur, have 
produced a good canned product from pears. Country pears have 
hard flesh with a tendency to show up brown spots due to bruises. 

Peach (Prunus persica). 

Area and importance . — The peach comes up in the same 
climate as the plum but certain varieties are adopted to higher 
and lower elevations also. No definite statistics are available 
regarding its area since tlie tree is rarely grown on orchard scale 
on the Nilgiris. It was estimated that the annual production of 
peaches in lA)42-43, was about 31,800 lb. of fruit which would 
probably have been obtained from over 800 trees. 

Varietal introductions and trials . — Of over twenty varieties 
tried at the Pomological Station, Coonoor, Shanghai seedling, 
Killikrankie (Plate 61) and Sha Pasand are the varieties which 
have recorded satisfactory j^erformance. Killikrankie is a mode- 
rately sweet cling-stone type but is an early bearer, hardy and 
fertile. This blooms twice, first in December and again in 
January. Shanghai seedling is a larger fruited variety that comes 
to bearing late in the season. This blooms early in March. Sha 
Pasand is an introduced variety from Quetta giving sweet but no 
juicy fruits (Plate (52). 

Propagational methods . — The eoiumou jx^ach seedling has 
proved to Ihj the must suitable rootstock for propagation of the 
peaches. The |K*rceutage of germination recorded with the com- 
mon [leach seeds does not usually exceed more than 15 per cent at 
the most. Attempts to increase the |>ercentage of germination by 
sowing stones instead of seeds did not result in any appreciable 
success, because while the stone.s gave a slightly higher percentage 
of germination the time taken liy the stones f(»r complete germina- 
tion was abnormally long, nearly nine months, as compared with that 
taken by seeds which usually germinate in about four months after 
sowing. Hence the practice of sowing seeds instead of stones is to 
be recommended for raising i>each seedlings. 

Shield budding without wood has given better results than 
flute budding. January and March proved to he the optimum 
months for the insertion of the buds. Trials conducted with 
stocks of eight months, 20 months and 32 months old, budded 
with Bed Shanghai and Sha^ighai seedling varieties gave the 
highest bud take of over 80 per cent with 20 months old stock. It 
has also been noted that here is a direct correlation between the 
girth of the stock and growth of the ‘ scion in the nursery. In 
other words, the thicker the rootstix^k the faster is the growth of 
sciotf wood daring the early stages of bud sprout development. 

Planting . — July to January is the period favoured for planting 
As for other fruits on the Kilis. It is usually planted at a sj>acing 
of 15 feet. Being a precocious bearer it is oRen planted as filler in 
pear oichards. 
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Training and pruning , — The usual method of trainiug in 
orchards is to the vase shape. But it is amenable to cordon or 
the fan shape in which form it may be useful near the boundaries 
and in home gardens. The KilUkrankie peach trees trMued to 
cordon did not give consistent results but Shanghai seedling simi- 
larly trained was better. The effectiveness of the cordon system 
of training seemed to depend on varieties and on other environ- 
mental factors. 

The pruning of bearing peach trees consists of annual shorten- 
ing of growths to force* new wood on which fruit is borne. 
Observations at Coonoor have show'n that shoots of the past 
seasons growth more than 11 inches long f 9 rm fruitful wood. 
Trial of two treatments, namely, (i) tipping shoots longer than 
11 inches and catting hard shorter shoots and (ii) cutting only 
hard short shoots leaving the longer ones alone, were conducted at 
Coonoor for over two years on varieties KilUkrankie and Shanghai 
seedling. In both cases the unpruned trees gave more yield than 
the treatments, though in the variety Shanghai seedling the pruned 
trees produced greater length of shoots than the unpruned. 

Cropping . — Peach bears in two to three years from planting. 
The KilUkrankie flowers as early as November-Decernber while 
Shanghai seedling flowers as late as March at Coonoor. Conse- 
quently the former fruits are available in May and the latter in 
July. The peach yields at Coonoor have ranged from 15 to 20 lb. 
per tree in the KilUkrankie and Shanghai seedling. Trees 
trained to cordons have yielded about 20 fruits even in the ftmf 
year of planting. In the third year the common poach gave about 
50 lb. while the KilUkrankie yielded 11 lb. 

Persimmon (Diospyros knki). 

Though tflassed as a sub-tropical fruit, it is coming up well at 
Coonoor. The fruit is almost confined to the limits of the Pomolo- 
gical Station. 

Varietal introdudions and trials. — Of the four varieties tried, 
viz., Vai Dai Maru, Tanenashi, Hyakume and an unnamed 
variety, Dai Dai Maru and the unnamed variety have been found 
to come up better than the rest under the local conditions. Tlie 
former variety is a dependable cnipper blooming in March and 
harvesting in the latter part of September and has recorded a 
maximum yield of '34 lb. per tree. The fruits are orange red and 
glossy with slight bloom. The unnamed variety develops a very 
sweet flesh when ripe and is also a consistent and dependable 
cropper. This also blooms in March. The fruits are deep red 
and glossy. A maximum yield of 96 lb. per tree has-been 
recorded. 

PropagaBonal methods . — The multiplication of persimmons % 
seeds has not been possible since almost all the fruits are se^ess. 
Hie seeds, if any, are not viable. Hence to raise the rooM^ 
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aeedtingH for propugation of peraiiiiiuoo , seeds aucl root suckers of 
a number of species of Diosproys have been tried and the results 
are sumniarised below. 

Seeds of three wild species, namely, D. ebenum, D. tomen- 
losa and D. chloroa-ylon obtained from Cuddapah failed to establish 
even though a few seeds in each of them germinated. 

Seeds of D. lotus obtained from Japan and grown at monthly 
intervals in well prepared beds and pots recorded a maximum 
percentage of germination of ib in .January hdlowed by 24 in April, 
21 in March and only 16 in February. Sowings m beds gave a 
higher percentage of germination of 23 4 as against 2-8 recorded 
by seeds sown in pots. Seeds obtained from U.S.A. did not germi- 
nate except one, and even that succumbed within a fortnight of 
its germination. 

Attempts to layer the shoots and to raise rooted cuttings by 
c«r»cturing soft wood as well as hard woml shoots and by the 
application of rooting hormones have all failed to yield any result. 

Pruning. — ^I'he pruning of persimmon is a subject on which 
divergent views are held. It is reported that in China the current 
year's bearing wtwd is heavily headed back. Observations at 
Ciwnoor have indicated the desirability of stimulating new growth. 
A pruning trial with the variety Dai Dai Maru conducted over 
a i>eriod of seven years has shown that heading ba<k two-year old 
shoots in the first year and tipping }>ast season’s shoots in the 
subsequent years led to an increase in yields ranging from 17 to 22 
per cent and an increase in new growth flushes of 13 to 21 per cent. 
It seems safe therefore to recommend pruning for persimmons 
as a general orchard practice under Coonoor conditions. 

Cropping and yields . — Persimmons commence bearing from 
about the fifth year. They blossom in Pebniary and fruits are 
harvested in September. There are both monoeciou.s and dioecious 
trees. Sometimes they bear jierfect flowers also. It is rejxirted 
that the variety Tanenashi protluces all pistillate flowers and 
K«>edless fruits. Several otlier varieties are also reported to 
develop fruits without pollination though sporadically they may 
produce staminate inflorescence. It is however suggested that 
slaminate flowering trees should be planted alH>ut one in eight 
trees in persimmon orchards. 

Storing and curing . — The fruits of all varietie.s grown at 
Poonoor are astringent and are difficult to ripen naturally. 
Investigations have rfiown that a simple method of ripening them 
is to keep them in association with other fruits like ripe pears, 
tomatoes, bananas, mangosteens, passion fruit, tree tomatoes and 
Pspe gooseberries in air-tight containers for three to five days. 
The ripening process was quickest when fully ripe fruits of toma- 
toes wgit lCsiffer pears were used. The quantity of the Catalytic 
fmits need had no effect in influencing the time taken for ripening 
persimnwaj. 
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Strawhbiief (Pragaria sp.). 

This is one of the bush fruits which is quite at home on the 
Nilgiris and it has been possible to produce fruits all through the 
year. It is a very attractive table fruit owing to its colour and 
delicate flavour (J?late 68). 

VarieM introductions and trials. — An early trial of Royal 
Sovereign and Baron Solemacker failed to produce any fruit. The 
type under cultivation for more than ten years on the Nilgiris is 
a mixture of varieties in which Royal Sovereign is found to predo- 
minate. One difliculty however with this fruit is its very low 
keeping quality. 

Evolution of strains.- -Large variations in yields were seen to 
exist between individual plants, the range being no yields at all 
in some plants to a maximum of 71 fruits |)er plant in the best 
yielder, with a mean yield of 27 fruits per plant. The yield 
records of the clonal progenies of 100 selected plants giving 
85 pickings over a period of 16 months showed no correlation 
between the yields of the parents and the progenies in the first or 
the second generation. 

Agronomic trials and e.rperiments — Propagalional methods . — 
The strawberry is propagated from splits of clumps or runners. 
In a small scale trial to study the relative efficiency of splits as 
compared to runners used for propagation it was observed that 
while 95 per cent of the splits established themselves, only 65 per 
cent of the runners did so. The first flowering in the former 
commenced 76 days after planting as compared to 135 days in the 
latter. New growth w’as more vigorous from splits than from 
runners. The use of splits is therefore to be preferred to the 
existing practice of planting runners for raising new plantations 
under Ooonoor conditions. Splits from three-year-old molher 
plants gave 89 per cent more yields than those from one year old, 
while the corresponding runners gave only 6 per cent increased 
yields. Hence the propagation of strawberry is best done by 
splits from three-year-old mother plants rather than by runners or 
splits from younger plants. 

Planting. — While planting splits, it is better to lightly prune 
the tops and the roots prior to planting them in the ground, as by 
this treatment an increased yield of 32*6 per cent has been obtain- 
ed over unpruned splits. Plants spaced at one foot by one foot 
gave highest yields. They recorded 122 and 56 per cent increased 
yields over those spaced at two feet by two feet and one and a half 
feet by one and a half feet respectively. 

In Jaf^, transplailtinfl strawberry twice is recommended to 
{»omote differentiation of flower buds. This was tested at file 
Fomological Station, Coonoor but the results wwe not in favmir 
dt a second transplantation. 
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Irrigation. — On tlie Nilgiris irrigated crops of strawberry liave 
been found to be far superior to raiufed crops. 

Manuring. — Plants manured individually at the rate of 
10 lb. of well rotten cattle manure while planting recorded an 
increased yield of 21 ’5 per cent over those for which an equal 
quantity of manure was broadcast in the field. 

Culture. — lleing a shallow rooted crop the culture should be 
light. A mulch with straw or any available leaves or ferns is 
usually provided in January or wlien flowering commenced to 
conserve moisture as also to prevent the shoots touching the 
ground. The old decaying leaves of the plants should be stripped 
off periodically. The plants flowering very stnin after planting 
may also be deblossomed. It is also necessary to remove runners 
if they arc more than four in each stool. 

Cropping and yields . — I'he usual season of flowering is from 
December to March, the fruits coming to harvest between Feb- 
ruafy and July. It is also possible with care to produce fruits 
throughout the year except the cold months. The average yield 
was about 25 fruits per stool. 

The fruits are very perishable and they should therefore be 
picked on alternate days when the fruits are well coloured but 
still firm with the calyx attached and a jsirtion of the stalk intact. 


Caff. Ooo.srufrrt (PhysaJis peruriana^. 

A hardy shrub, the cajie gooseberry is found to grow both on 
the plains and the hills of Madras op to an elevation of 6,000 feet. 
It is also highly adaptable to varied soil conditions and even 
relatively infertile areas. The fruits are pleasantly acidic con- 
taining numerous tiny seeds. It is also very useful in the manu- 
facture of jams. 

Varieltd introductions and evolution of strains. — The \’ariety 
grow’n on the Pomological Station, CcHuuHir, was originally* intro- 
duced from South Africa several years ago. As in the case of 
strawberries large yield variations were noted from the yield 
records of selected plants maintained. The yield varied from 
no yield to 227 fruits per hush. This suggests the possibility of 
selection of high yielding strains. 

Agronomic tn'ofs. —Propagational trials by tongue layering and 
rooting of cuttings by several means including the use of rooting 
hormones were not successful. But in 1949 cuttings treated with 
a prD|U‘ietar.y hormone, Saradix BI gave a rooting of 76 per cent. 
The usual method of propagation is from seed, the seedlings being 
transplanted when 6 to fi inches high. They may be grown 
in flat beds or raised on the sides of ridges. The crop is irrigated 
(Mice after planting and rainfed afterwards. 

Cropping and yields . — The plants flower in the first year of 
Ranting nsaally in November about twelve months after planting 
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at Coonoor. It ig reported that in Arakti valley plants from seeds 
sown in July flowered in the following Octc^r and the fruits were' 
ready for harvest by March. An acre yield of 30,000 lb. is 
re})orted to have been secured in Araku valley. 

Passion Fri’it {Pasgiftora edulis) and {Tacsonia mcllisittui). 

These fruits are found to thrive very well at Coonoor. The 
name {lassiun fruit is said to have been derived from the flower 
parts which are supposed to be a symbolic representation of the 
Cross. 

Climate. — The vine fruits only at higher elevations while at 
elevations of 2,500 feet or below it is seen to run into leaf. 

Varietal introductions. — There are purple fruited as well as 
yellow fruited varieties. The variety which has given an encou- 
raging performance at Cwnoor is the purple fruited variety. 
Seeds of an edible variety of passion fruit from Hawaii, Pasmflora 
ligtdaris failed ti) germinate. Seedlings of yellow passion fruit 
variety obtained from Ceylon (Peradeniya) also failed to establish. 

Agronomic trials. — The usual method of propagation is by 
seeds. But stem cuttings gave a rooting of 32 per cent. The 
cuttings were precocious coming to bearing in foiu" months. 

Cropping and yields. — The seedlings come to bearing in t«i 
months and yield about 12 lb. per vine. The maximum yields are 
obtained in the sixth year. The fruit is borne on new wood 
indicating that |)eri(Hlic pruning of laterals may bel|» in improv- 
ing yields. 

Storage and products. — Because of the hard shell, the passion 
fruit can stand transport well. When kept long it may shrivel 
and become less attractive but the quality is unimpaired. 

Passion fruit squash of 55° brix containing about 33*3 per 
cent of the fruit juice is an excellent beverage. Opinions received 
from District Prohibition Officers indicate that it can be useful 
as some kind of healthful substitute for intoxicating drinks. The 
squash preserved with sodium benzoate is far superior in taste and 
flavour to that preserved with potassium metabisulphate. Since 
passiim fruit can be grown veiy quickly a small passion fmif squash 
industry may be built up in the State. The fruit can also be used 
to make jellies and spreads. 

Africot (Prunus armeniaca). 

Four varieties, namely, Frogmore Early, New Large Early, 
Red French and Moor Park have been on the Fomological Station 
for the past fifteen years and only two trees in each of Red Frenek 
and Frogmore Early came to bearing tor the first time yiddiog 
only eight and seven fruits per feree ree^jectively. The fruits are 
of good quality. Propagation by budding on common peach tMk 
has given promise of snocem. 
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Walnut {Juglans regia). 

Four Hcedlings of an unknown variety are at tiie Poniological 
Station, Coonoor. Tlieir performance is not promising and they 
have not yet come to bearing. A few plants of the Khagzi variety 
introduced from Kashmir in 1947 also failed to estabhsh. 

Walnuts growing in the Nilgiris tract are of very poor quality. 
It may not be worthwhile i>aying much attention to this crop at 
present for th6 following reasons: il) General experience indi- 
cates that walnut does not give its best on the Nilgiris. (2) It 
takes a long time to come to bearing. (3) The male and the female 
phases of tlie tree are separated by about a month and unless 
there is an a|)pre«:iable area under the tree, likelihood of adetiuate 
fruit set is remote. 


Feijoa (Feijoa Sellotciana). 

It is an ornamental bush growing at elevations higher than 
feet. The <»\al fruits, dull green in colour, often blushed 
dull red on one side, and containing numerous tiny seeds, are 
useful for jam and jellj)? making. The fruit is aromatic but can 
be eaten when fully npe. Seeds from varieties obtained from 
Hawaii and sown in 19 18 failed to germinate. Propagation may 
also be done l>y cuttings. 

The plants come to bearing in the fourth year after planting. 
The fruit set being \erv low attempts made to indicate better set 
by hand jMilliiiation were successful. The fruits are harve..sted 
from Septomber to December. 

Rum s Sp. 

liaspberry . — The plants of raspberry introduced from Chau- 
battia were prolific in sucker production but the yields have been 
very little and disappointing. Its extension, therefore, is of 
doubtful utility. This plant is usually propagated by root suckers. 
Projiagation by the method of tip layering has also been success- 
fully attempted. A success of 60 per cent has been recorded from 
the shoots tip layered in Septomber and October 1910. 

Blackberry . — The progress of the variety introduced fiom 
Chauhattia has l»een promissing. Root suckers produced were 
separated and planted out. Three of the older plants gave nearly 
2 lb. of fruits f)pr plant in the .«(‘cond year of cropping. 
The maximum number of fruits counted on a plant was 332. Tip 
layering also is being attempted and so far 25 per cent success has 
been obtained from September and October operations in 1949. 




CHAPTER &. 

VEGETABLES. 

Production— Area, importuice— Indigenotis vegetables— Root crops, 
the potato— work at the Agricultural Research Station, Nanja* 
nad, on potato— varieties and ev<dution of strains— The sweet 
potato and tapioca— Onions— Production for seed supply at the 
Agrieuituial Resewrob Stations— Seed supply organization in 
Madras (Sty. 

Importance . — ‘ Vegetables ’ is the term collectively used for 
slenl^, fi-uits, leaves, seeds and other moist succulent parts of 
plants used as auxiliaiy’ or subsidiary articles of food, either raw 
or cooked. They are rich in vitamins and mineral salts and help 
to make up the normal deficiencies of these ingredients in the staple 
foodgraiiiH and pulses. They are thus essentially of the nature of 
protective foods and are of great value. They are bulky m nature 
and provide rtiugbage for stimulating and promoting healthy bowel 
actkiu. It has been estimated that a daily intake of six ounces of 
noti-leaf\ \egetables and 4 ounce.s of the leafy kinds by an adnH 
would meet the nutritional reijuircments under South Indian con- 
ditions. 

Production . — The area under the various vegetables is estimated 
to lie 2,48,700 acres in the Madras State representing 0-7 per cent 
of the total ares under cultivation. The annual production of 
vegetables is 1,000,000 tons and gives a per capita consumption of 
46 lb. per year. This is a fifth of the nutritional requirements, at 
the 10 ounces level jier head per day. The normal areas under 
the important vegetables are given below : — 


Jtufiffrnow pefOabU*, egOnma 

BrirORlg .. .. .. S7,0Qe 

LadiM flngan . . 7,000 

Oonrda aed pumpkira . . 23,000 

OtMnV . . 3,000 

Rediah . . . . . . . . . . . . 2,000 

Oluster B wna . . . . . . . . . . 3,000 

OtIwF bMM 3,000 

CunypIftataiiM .. .. .. .. ISjOOp 

TcnsfciM .. ,. .. .. 6,OO0 

raseeltaiiMMaa . . > . . . n,000 

Total .. 101,000 


6w«ot waiUtoM 
Otiioiui 

Yens sad eolocMMis 



A.M*— 84 
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Bxient of 

Sxoiicif€g$U»bles, o^UTOiSoa 

in 

Potato .. .. 20,000 

Cabbage 1,800 

Beans .. .. 1,000 

Peae 800 

Carrots . . . . . . . . . . . . 200 

Turnips 400 

Brussel's qprouts 100 

KsobUiol loo 

Otirera .. 800 


Total .. 24,700 

Crand total . . 848,700 

The cultivation of vegetables received a great impetus durinjg 
the years 1943-45 when various schemes sponsored by the Agri- 
cultural and Defence Departments were in oix^ration for meeting 
the requirements of the defence services. These schemes were 
worked successfully and the production of vegetables was increased. 
Indigenous vegetable schemes were run at Balem, Buchireddipalein, 
Nagari, Coimbatore, Poonamailee, Visakhapatnam , Bttarai, Man- 
gadu and Hiranyamangalam, exotic vegetable schemes at Hosor, 
Kodaikanal, Coimbatore and the Nilgiris and onion schemes at Palni, 
Tiruchirappalli and Visakhapatnam. The increases in production 
were very great under certain categories and bore no relation t<. 
what prevailed before the war. After the cessation of hostilities, 
these schemes were closed one after the other and there was a fall 
in protluction, but not to the original level. There was a general 
rise in the levels of income and expenditure caused by the 
war conditions and these are being maintained more or less. There 
has also been a shortage of food supplies in the country and the 
consumption of vegetables is in general much more than in the 
pre-war years. 

Vegetables are broadly classified into ‘ Indigenous ’ or * Indian 
vegetables ’ and ‘ Exotic ' or ‘ English ’ or * European ’ vege- 
tables. The indigenous vegetables are more or less native to the 
country and are tropical vegetables. The exotic vegetables were 
introduced in to the country by the European settlers and travellers 
at various times, in the recent past. They are mostly of sub- 
tropical origin and thrive in a mild and equable climate. 

Irrigation and season.- -Vegetables are generally grown under 
irrigation. When however, rainfall is heavy and well distributed, 
vegetables are grown under raiofed conditions as in Malabar. South 
Kanara, Visakhapatnam and the Nilgiris. 

There are definite seasons of planting for most of the vegetables 
when they come up well and better than out-of-season and there 
are other vegetables that do equally well almost all through tha 
year, without being seaton-bound. Most of the v^etables ate 
preferred to be wwn in . ' Adi-pattam * an3 ‘ Ma/ii-patiam ' in the 
southern districts, corresponding to August and March respectively. 

* Maga-ImtU ' (l&th of August) is the s«uM>n similarly prelorred 
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in the northern districts. Besides these, there are special seasons 
suitable for the several vegetables individually. N'egetables are 
also planted out-of-season to cater regularly to the consuming 
markets; the yields are generally low in these oiii-of-seaBon plant- 
ings and the produce is sold at high prices. Potatoes and exotic 
vegetables in the hills, sweet potato and tapioca in the west coast, 
Bellary onions in the Ceded districts and the small types of onions, 
in the Circars, Tiruchirappalh and Coimbatore districts are in- 
stauces of some vegetables which have their owti regions of con- 
centrated production. 'i'he common vegetables are produced 
throughout the State, wherever irrigation facilities and markets 
exist. Information is furnislied in the following sections on the 
work done on some of the im|K>riant vegetable crops. 

Potato . — Potato is one of the tuberous vegetables introduced 
into this country a little over a hundred years ago. It is palatable, 
lends itself to being made into most of (lie South Indian disbfio 
and is popular with all classes of consumers. It keeps well 
months under proper storage and can be liaiuTIcd and transported 
over long distances for disposal over large sectFons of the country. 
It is therefore |x>pular with the cultivah)r and the uiercbant*! wJio 
iiandlc the produce. 

The pioneer work of introtluction and trial of potato wa-< done 
at the (jovernnuinl Itotanical Gardens, Ootacainund and continued 
up to the time of establishment of the Afiricullural Kesoarch 
Station, Nanjanad. 

The normal area nnder potatoes in this State is 19,500 acreh 
and more than 90 per cent of the crop is ^rown in the Nilgiris. 
The other centres of production are the Kodaikanals of the Madura; 
diatrict, the She^Toys in Salem district, the Anamalais in (’oiiiiha- 
tore district and the Araku valley of the Visakhapafnam district. 
The annual production of the crop is estimated at 7v3,000 tons. 

The potato thrives well at elevations over 3,0(10 feet where 
cool and equable temperature and evenly distributed moderate rain- 
fall conditions prevail. It can also he pruwn in plains with 
moderate elevation as at Hosur during the cold weather period, 
October to February. The crop stands temperature ranging from 
80* P on the high side at 40" F at the lower end, without the 
setting in of frosty exmditions. The crop requires moderate 
nunfaii and is not able to stand eith^'r long spells of drought or 
heavy rainfall over 30 inches during the growing period. The crop 
does 'Well in rich friable red loams, which are moderately acidic, 
and which do not have a high lime content. 

The land is well preftared, manured with eight to ten cart-loads 
of cattle manure and 10 to 15 cwt. of concentrated manure mix- 
ture and laid into ridges and furrows 14 inches apart. Seed tubers 
Weighing about one ounce each are planted in the fumrws eight 
anohes apart and five to eight bags of tubers weighing 1,000 to 
1,600 lb. au'e required for planting an acre. Two hoeings and an 
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eurthing-np are done later. Tbe crop is dug when &e heulali 
turn ydlow. The tubers are left exposed to the atmosphere to 
dry out and shed the adhering earth. The tubers intended for 
consumption are stored in dark rooms to prevent them from turning 
green and getting unfit for cooking. 

The Agricultural Research Station, Nanjanad.^Thh Beseareb 
Station was started for the imj^ovement of potatoes in the 
Kilgtris. (Plate G4.) A large number of varieties of potato were 
obtained from Unit^ King^m and Australia and grown in the 
main and second crop seasons. One of the introductions, ‘ Great 
S^t ’ which matures early has become the standard variety of the 
Nilgiris and is popul«ur with the growers, merchants and con* 
Burners. (Plate 65.) It has round medium tubers, simxith white 
skin, flat eyes, hard flesh and a cosmopolitan range. ‘ Royal 
kidney ‘ Kerrs pink ‘ King Edward ’ ‘ Golden wonder* 
and ‘ Bressie ’ are some of the varieties grown in small areas 
here and there in the Nilgiris. 

Improvement by evolution of strains . — Potato is propagated by 
planting tubers. The tubers, obtained from plants that produce the 
largest number of medium sized tubers are planted separately to 
induce increases in yield. This method called the ‘ hill selection * 
w'as tried to evolve high yielding potato strains. The improve* 
rneni in yield was not however markeil. Different varieties of 
potatoes that flowered were crossed and the seeds obtained were 
used for producing new hybrid varieties- Many exotic varieties 
were imported from other countries and used for hybridising. 
Some hybrids obtained from the potato and wheat Breeding Station, 
Simla, were also under trial. The hybrids produced or tried at 
Nanjanad, have so far not proved to be definitely superior to the 
standard ‘ Great Scot ’. Certain buds developing from tlie mutlfor 
tubers are very rarely different from the [>arent stextk and exhibit 
characters not possessed by the original {«rent. These new type.H 
or ‘ Mutants ’ that were noted at Nanjanad were also not better 
than the paroit stocks. Attempts are being continued to produee 
better varieties. 

The first crop or the main crop of potato is planted in Martdi 
in the Nilgiris and han ested in July, the second crop is planted in 
September and harvested in December and the third crop is plaaited 
in January and harvested in April. The tubers are spread oat ia 
racks and kept for some montlis to induce s{Nroutiiig and tibs 
sprouted tubers are planted. The feredi tubers are not useful lor 
planting, and the tubers of one season are kept over in atorage 
during the next crop season and need for planing in the sefuson 
following it. The irrigated cti/p is harvested in Aprfl tatS 
tubers are kept over tm jdantiWj^ the second crop in 
■Hie area that could be briguted is limited and sets a tium mr 
seed material available for planting the September dfap. iWle 
pmisee of the nuun crop harvested hk July dose not profhioe 




riale 64. — AgricuUu al Keaeatch Statu^r, Nanjana<f. A Patioramic view. V. 41i 



WMOtM OF tUB DBPARtMBKT OF AGBICULTUEB, MADEAS 41 7 

by September^ and cannot then be used for planting. Various 
aiethoda were tried to induce the fresh tubers to put out sprouts. 
When potato tubers were treated with carbon disulphide against 
the attack of the potato tuber moth, it was noted that the treai* 
ment helped to break the dormancy of the fresh tubers and induce 
quick sprouting. This is now adopted for inducing sprouting in 
fresh tubers immediately required for planting when supply of 
seed potatoes is scarce. Other chemicals tried were not so effective 
as carbon di sulphide in breaking the dormancy of the potato tubers. 

Smalhsized tubers (chats) are used as planting material by the 
cultivators usually. Trials show that the yield increases with ihe 
size of the tubers used for planting- lUanting tubers weighing 
about two ounces each six to nine inches in rows spaced 27 inches 
apart is found to be the most economical. Cut seed tubers do nor 
do so well as entire tubers, and if at all tubers have to be cut for 
planting, the cutting should preferably be done longitudinally 
through both the distal and crown ends. The cut tubers should be 
dusted with sulphur or treated with formalin or mercuric 
jHjrchloride to prevent fungus damage. While planting, the 
cultivators place the tubers flat with the distal and crowm ends on 
the sides and this is a sound practice. 

Potato is an exhausting crop and requires heavv doses of manure 
in the Nilgiris, The soils are acidic and the iron and alumina 
contents of the soil are high. They act on the soluble phosphates 
applied as manure and immobilise a large part of the pfiosphates. 
A portion of the iijq)hed phos|>hate8 alone is absorbed by the 
plants, and it is, therefore, found necessary to apply much mt»re 
of the phosphates than what is actually reipiirt'd for plant absorp- 
tion, Even 80, the Sidiible phosphates like super phosphate give 
a better yield than insoluble phospliates like steamed bone meal. 
The Nilglri soils are alsf> deficient in potash, and organic matter 
and these have to he siqiplied in the sha[>e of manures in sufficient 
quantities. Potato responds well to nitrogenous manuring. Taking 
all these into consideration and the cost of the fertilising ingredients, 
a suitable fertilising mixture was evolved for the jxitato crop at the 
Nanjanad station. It is called the * Nanjanad jxdato fcrtilist^r 
mixture * and contains 5W lb. groundnut cake, 350 lb. steamed 
bone meal, 200 lb. ammonium sulphate, 336 lb. concentratctl 
super phosphate, and 224 Ih. of jK)ta8sium sulphate. The mixture 
containing 5 per cent nitrogen, 13 per cent phosphoric acid and 7 
|iei cent |K)tash, and 1,610 Ih, of the mixture would be a suitable 
dose for an acre of potatoes. The manure mixfure may be applied 
along vvith ten cart-loads of cattle manure at the time of forming 
tidges and furrows for planting the crop. Municipal compost can 
be aubatiiuted for the cattle manure. But it is best to retain the 
ingredients of the fertiliser mixture at the levels indicated. 
Various prcqirietary mairmre mixtures prepared by several manure 
finns have been compared with the ‘ Nanjanad Mixture ’ and found 
to be not m efficient. The insufficiency of certain rare elements 
like cobalt, manganese, nickel, copi>er, etc,, in the soil are known 
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to affect the {vodoctivity of crops in a retoarkable manner'. So 
far ae is known the absence or insaffictency of rare elements in the 
Kil^ria is not affecting the prodoetiTity (ff potatoes. 

Various pests and diseases affect the potato crop and potato 
tubers in storage. Tubers were treated with acorus, derris, 
pyrethrum, tobacco, D.D.T. and Gammexane dusts and the ino* 
dence of the potato tuber moth was noted. Tubers treated with 
acorus and tobacco had the least attack from the moth while tlie 
other observations were not very indicative. The potato wilt is 
oansed by BhigocUmia species (fungus). Stray plants dry up in the 
ffeld and the disease spreads over the field gradually. The dned 
tip plants require to be removed and burnt to prevent the wilt, 
infection spmading. Dark spots appear <hi tire leaves of immature 
plante occaskmaUy and is referred to as * Etu-ly blight ’. It is not 
a serious disease. When the disease appears in the early stages d 
growth spfaying with Bordeaux mixture is effective in controlling 
the disease. “ Bing ” disease appears in an epidemic form in 
certain seasons and is caused liy a bacterium. The plants are 
affected in the late stages and start drying up after the tnlrers are 
formed. On the tubers being cut, irregular dark rings are seen 
on the cut surface. The best that can Ije done is to uproot the 
affected plants and bum them up with the tubers to prevent the 
infeetkm queading. A high acidity of the soil keeps the disease in 
check, wl^e a fall in acidity promotes the incidence of the 
disease. Vims diseases are also seen, but they are not of major 
importance now in this country. 

The potatoes are harvested by digging with a mammooiy fort, 
locally known as guddali. Where the jH>tutoes are extensively 
cultivated, the use of potato digger ploughs drawn by cattle is 
efficient and ecoiiomical. The potatoes are graded in a rough way 
into (1) kidney, (2) medium, (3) rasi, (4) podi, (S) Ouitttt or rotten, 
damaged and cut. The potato can be graded easily into different 
sizes with a mechanical potato grader designed by the Agricultural 
Bcsearch Engineer. Seed potatoes are stored in well ventilated 
rocuDs on racks. Table potatoes are stored in heaps in dark 
rooms. Potatoes exposed to light develop a green colour and get 
unfit for cooking. Wien the potatoes are heaped tlie tubers in tlie 
centre of t^ heap develop a dark colour in the centre of the in- 
dividual tubers and lose their keeping qualities- This is referred 
to as ' black lieart This could be avoided by providing [ler- 
forated ventilating vertical shafts in the store room and heaping 
the potatoes round these shafts. These shafts help to draw in 
cool air from outside and reduce the temperature of the rtxnn. 

'The cultivation of potatoes m the plains has not deveteped, but 
cmU be deme during the cooler naonths q£.the year from Octdtier 
to Felnmadry. Suitable vanetiee have to be found and seed niaAend 
Ittnmged to be produced in for nqiply to the pbdiii* 

VatietiM like * Hsngoon Bidtttg, * Mosuf Biekets * litikm 
* may poseibfy do well in the piains. 
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Sweet potaU>ee and tapioca . — ^It was only in 1946 that atten- 
tion was I'ocossed on sweet i)otato and tapioca as subsidiary food- 
crops which could be utilized for supplementing the cereal food- 
grams that were in short supply. Both these crops give heavy 
yields of underground tubers which are rich in starch. Sweet 
potato vine cuttings and tapioca setts were prot^ured and supplied 
to the cultivators jn large numbers all over the State free of cost 
and they were encourag^ to cultivate these crops. The cultivation 
of these crops has developed extensively in areas favourable for 
their growth. The sw^eet iK>tato has spread very widely in South 
Kanara and the tubers are made available in the local market all 
through the year. It is reported to be used as a staple food for one 
meal a day by the {xior people. Tapioca has spread well in Salem 
district and factories producing sago, tapicx^a flour and tapioca- 
semolina have develo|>ed. 

As a result of the importance of sweet potato as a jxdentval 
subsidiary crop for the future, local varieties and \arieties imjM^rted 
from .Vinenca In the Sri Vivekananda Laboratory, Almora, 
were secured and trials on their yield have been taken on hand 
in some of tlie Agricultural Research Stations, Jt is u.sually propa- 
gated hy planting stem cuttings and chances for large variations 
(XTurring hy such \egotati\e proj^agation are not so great as in the 
case of crops propagated hy seeds. A few crosses have been 
artificially made betw*een freely flnwt-nng varieties and some 
hybrids have been produced at t oiinhatore and their performance-^ 
are being observed. 

Travancore and Coidiin are euluvaimg a large number of 
indigenous and exotic varieties^ of tapioca: planting material 
some promising varieties have been secured and are under trial 

here. 

Onions , — (Plate 66.) This ig one of the few vegetables that 
combine the value of a condiment also. There are two distinct 
typcg the indigenous variety with a nuinher of small cloves form- 
ing the iiulh and (he ‘ Ihnnbay ’ or * Dhulia ' onion which has a 
big single hulh. Tin* indigenous type is propagated hv splitting 
the cloven and planting them in tlie field. Tlie Dhulia type is 
propagated by bi^mIs, ITie prinluetion of improved strains w^as 
mukriaken at the Agricultural Research Station, Hagari, in 1933. 
Five improved selections were singled out in 19*10 and carried 
forward. Further work could uot be continued for want of ade- 
quate area in the station. 

Onbns are often badly damaged by the attack of thrips. Pish 
oil 8C'.ap, nicotine sulphate and tobacco decoction sprays formed 
the routine treatment for thrips attack. D.L.T. and Gamraexane 
dusting has now become the routine contio! measure for thrips, and 
ia extremely eSective. 

Kmtic Pe9eUAl$e.*^Exoiic vegetables are grown in the hill 
atatiuns generally and occasionally at the foot of the hills in the 
plains- Tlis imd Kodaikanal hills and Bangalore have been 
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supplying most of the vegetables that are being distributed to the 
various towns in the Btate. The demand for exotic vegetables 
was increased during the war for supply to the military and special 
schemes were run at Coimbatore, Hosur, Kodaikanal and the Nilgiris 
successfully and large quantities of vegetables were produced. The 
exotic vegetables do not set seed properly in this country and 
efforts were made locally at the Agricultural llesearch Stations in 
tile Nilgiris to produce seeds. Seed production was shown to be 
possible, but the seeds were not equal to the imported seeds in 
(iuality. 

Tke indigenous vegetables . — The indigenous v^etables ure 
being grown in all the Agricultural llesearch Stations mainly for 
the production of seed. The seeds are distributed to the various 
agricultural depots for being made into small packets for sale to 
the general public. 

Large. vegetable farms were run either by the department or 
under tlie departmental supen'ision during the war years for supply 
of vegetables to the army, at Salem, Hnchireddipalem, Nagari, 
Coimbatore, Poonamallee, Visakliapatnam, Bttarai, Mangadu and 
Iiiranyamaugalam. The growing of vegetables was undertaken 
gladly by the cultivators as the military authorities arranged to 
piiichuHe all the vegetables at pre-arranged fixed rates and there 
was an assured market. The cultivators do not normally grow 
vegetables on a field scale, as there is nut any assured market for 
the produce and as vegetables have to be wasted during |>eriods 
of glut in the market. 

The various vegetable schemes showed clearly that though 
vegetables could b<« grown all through the year, they do well in 
particular seasons. The sowings dime in March and August do 
extremely well, bear profusely and better than sowings done in 
other (leriods of the year. The vegetables sown in the other 
months of the year do not grow vigorously and the yields are low, 
but this is coin|)eusated by the higher prices got for the produce 
daring the off-seasons. 

Planting the vegetables on tlie ridges was found to be more 
convenient and- advantagec^us than planting in beds. The ridge 
planting facilitated clean cultivation, top dressing of manures to 
fierce the ^owth of vegetables, and ease and saving in irrigation. 

The nursery area required for raising vegetable nurseries had in 
most cases to be one-fortieth of the area [uoposed for planting. 
Baising the nursery beds over the ground level was found to be 
advantageous for draining the excess water from the nursery beds 
during rainy periods. This helped to jnndaoe vigorous and healthy 
seedlings. 

It was also seen that in vegetable plants, picking the fruits in 
the early stages always tended to {Hvdong the iMaring pmod. 
Ailowfng even a few ^its to mature and dry on the plant £a* 
conrsged the formation of farther flower bu^s and prodnetion nf 



it&tkoikB OF TUB DEFAUtMEliT OF AGRICULTURB, MADRAS 4^^ 


fruits. The production of sec^d completes the life cycle in the 
plant organism and the natural life impuise to produce flowers and 
seeds to perpetuate the species is lost after seeds are produced on 
the plant. It would, therefore, be advantageous for vegetable 
producers to be periodically and frequently gathering the young 
vegetables in their prime, to prolong the fruit bearing phase of the 
plant. 

Vegetable seed supply in Madras City . — A small departmental 
stall' is maintained at Madras for introducing vegetable gardening 
in the compounds of houses in the City. A seed store is maintained 
at Mount lioad for supply of vegetable seeds, fertilizers and chemi- 
cals required for treating plant diseases and combating pests. 
The staff supply vegetable seeds, seedlings of trees grown for shade 
and fuel, and chemicals used for combating pests and diseases and 
give tecihnical advice and help for home gardeners. This service 
is very much appreciated and the area under vegetables is esti- 
mated to have reached 1,500 acres in 1050, from about 500 acres 
in 1011. when the service was first started. The tempo given by 
the staff for the “ Grow More Vegetables plan is being main- 
tained and augmented by the assistance offered by voluntary 
service of the organizations like the Agri-Horticultural J?ociety, the 
Y.M.C.A., the Guild of Service, the Avvai Home and similar 
bodies. 






CHAPTER 10. 

% 

SUGARCANE. 

(Botanical name — Saccharum offioinarum.) 

Tehiga^Cheniku, Tamil — Karumbu, Kannada — Kabhu, 

Malayalam — Karimbu, Hindustani — Qanna, 

Importance, area, cultivation practices — Manuiial experiments at 
Research Stations, Anakapaile, Gudiyattam, Samalkota, Palur 
—Varieties — Sugarcane — Sorghum hybrids— Irrigation experi- 
ments — Other agronomic trials and improvements — Harvest — 
Determination of ripeness — Maturity trials at Research Stations 
— ^Arrowing — Ratooning and ratoon experiments — Extraction 
of juice, milling trials, preparation of jaggery — ^Boiling 
furnaces— Improvement— The Sindewahi furnace— Boiling 
process — Jaggery-making triais — Quality characteristics of 
jaggery — Cream jaggery — Sugar manufacture by the open pan 
system — Sugarcane products — Sugar Industry and protection — 
Sugar excise fund— Legislation controling manufacture and 
movement of jaggery— The Indian Central Sugarcane Committee 
— ^Research on sugarcane — ^Acreage under improved varieties 
and average yield per acre. 

Introduction. — India may be said to be the home of sugarcane, 
from where it spread to other countries of the East and the West. 
The cultivation of the crop could be traced to the early Vedic 
period. Mention was made about sugarcane in the ancient sacred 
works and medical books. From time immemorial, the crop was 
raised in India for the production of “ Jaggery ” and sugarcandy. 
Production of white sugar is of recent origin and dates back to the 
second decade of the nineteenth century. 

Sugarcane is one of the most important commercial crops of 
Madras State. With the spread of civilization in India, sugar is 
fast replacing “ Jaggery ” and to keep pace with the increasing 
demand for sugar, the Indian Sugar Industry is also developing 
progressively. During the decennium 1930-40, the Indian Sugar 
Industry made rapid progress. The number of sugar factories in 
Madi'as State during this period increased from two to eleven and 
in India from 32 to 134. The progress thereafter was rather slow, 
though there is still scope and necessity for rapid expansion in the 
interests of the country. 

Sugarcane is under cultivation in Madras State in all the dis- 
trioito to some extent or other, except the Nilgiris. The important 
Bttgaroane growing districts are Visakhapatnam, East and West 
Godavari, Krishna, Bellary, South Arcot, North Arcot, Chittoor, 
Salem, Coimbatore, Tiruchirappalli and Madmai. Mention need 
be made in this connection about the sugar factories at Nelli- 
ku^am in South Arcot district and at Samalkota in East Goda* 
VMl district. The former was established long ago and was 

A.M.— 36a 
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responsible to a large extent for the expansion of sugarcane culti- 
vation in South Arcot district, while the latter has in a large 
measure helped to expand palmyra jaggery-making as a cottage 
industry in Godavari district. 

Sugarcane is utilized for the following purposes in the order of 
importance: (1) jaggery or gur; (2) sugar; (3) seed for planting 
and (4) chewing. 

Importance of sugarcane, — Sugarcane is one of the most impor- 
taht money crops that play a vital I'ole in the economy of the 
cultivator, in Madras State. It covers about 1*1 per cent of total 
area under cultivation in this country and 0*46 per cent in Madras 
State. It is at present cultivated over two lakhs of acres in 
Madras. Madras State on an average produces 450,000 tons of 
jaggery and about 60,000 tons of sugar. In 1960-51 season, the 
production of sugar was over 89,000 tons. It exports jaggery 
mainly to Orissa, Hyderabad, Bombay, Madhya Pradesh and of 
late to Ceylon also. The import of sugar is mainly from the sur- 
plus States of U ttar Pradesh and Bihar. The per capita consump- 
tion of sugar is low in Madras State being only 4*1 lb. compared to 
7*0 lb. for All-India. Considering the ideal environmental condi- 
tions of this State for sugarcane, the average yields per acre are 
low, and higher yields can be obtained, provided adequate facili- 
ties regarding irrigation and manuring are given. 

Cultioation practices — Climate. — Sugarcane is a tropical crop. 
But it extends much farther beyond these zones. The sugarcane 
as normally cultivated is of about 10-12 mouths duration. Warmth 
and humidity during the growing stage and dry chilly weather at 
maturity are ideal for the crop. In South India sugarcane is 
growing under rainfall conditions ranging from about 20 inches • 
to 100 inches or more. But, it is in the tracts of moderate rain- 
fall of 30 inches to 40 inches supplemented by sufficient and 
timely irrigation that the crop thrives best. Excepting the hill 
stations in the rest of the State, both coastal and inland, the 
temperature variations range from the minimum of 65 F. during 
the period December to February, to the maximum of 112* F, in 
the months of May-June. During the rest of the period the mean 
temperature ranges from about 75 to 90* F. The average humi- 
dity over a wide area in this State ranges from 76 to 86 per cent. 
Thus the mean temperature variation and average humidity pre- 
vailing in Madras State are very congenial for the growth of 
sugarcane. Well-distributed rainfall throughout the growth 
period of the crop, absence of strong winds and stormy weather in 
the north-east monsoon, viz., October to December, and i»B- 
valance of normal temperature and humidity conditions are always ' 
advantageous, in giving the best <aops. 

Stnls and rotation of crops — Soils, — Sugarcane is a long duTS- ; 
lion exhaustive crop. It thrives best in fertile soils with gopd ! 
drainage facilities. The crop is practically cultivated on a varM^ , 
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of soils, namely, clay soils, clay loams, red loams and sandy loams. 
With proper manuring and attention, good crops are being grown 
in all the soil types mentioned above, in the various localities in 
the State. Shallow soils, and poor gravelly arid sandy soils are 
unsuitable and hence not used for the cultivation of sugarcane. 
Low-lying lands subject to submersion and ill-drained lands prone 
to water-logged conditions during rainy seasons, are also to be 
avoided as these unfavourable conditions are detrimental to the 
growth of sugarcane. 

Rotations . — In wet lands sugarcane is rotated with rice leaving 
an interval of at least two years, e.g. — 

First year — Sugarcane plant crop. 

Second year — ^garcane ratoon. 

Third and fourth year — ^Rice followed by plus or fodder. 

Fifth and sixth year — ^Again sugarcane and ratoon. 

If land is available, ii is desirable to extend the interval even up to 
three or four years to safeguard the soil against depletion. 

In garden lands, sugarcane is rotated with other garden crops — 

First year — Sugarcane. 

Second year — Ratoon. 

Third and fourth year — Maize, ragi, .sorghum, vegetables, 
fodder and green manure crops. 

Preparatory tillage . — Sugarcane is cultivated in wet lands in 
rotation with nee, and in garden lands in rotation with other irri- 
gated crops. Soon after the harvest of the previous crop, tillage 
is commenced. The land is ploughed a number of times, fairly 
deep, till the required tilth is obtained. For ploughing, both the 
wooden and iron ploughs are in general use. In case of wooden 
ploughs, the heavier types intended for dry land ploughing are 
better suited for the purpose. Wherever iron ploughs are in use 
they are preferred for this specific purpose. The main planting 
season is March- April, but in some parts it commences from the 
middle of January. Hence, in wet lands, a short duration crop 
of rice is chosen to precede the sugarcane crop so that there may 
be enough time for the preparatory tillage after the harvest of rice 
by about the end of October or early November. Sufficient gap 
between the harvest of rice and planting of sugarcane is necessary 
for the preparation of the land and manuring. In clay soils, due 
to the stiffness of the soils more number of ploughings and more 
time are necessary to bring the land to proper tilth. In garden 
Ismdsi, tlie preparation is much easier due to the comparatively 
loose nature of the soils, and, the preceding crop can also be 
copveniently chosen. Under such irrigated or garden land condi- 
tions, there is scope for raising a suitable green manure crop for 
sugarcane. Neither too deep ploughing nor too fine tilth is neces- 
sary. It is (Miough if good tilth is attempted to a depth of about 
iriches, and the soil allowed to weather so that when irrigated, 
prior to planting, there are no clods in the field. Depending upon 
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the natiu'e of the soils and the previous crop, the number of plougll*- 
i^s may vary from four to eight and the optimum may be ab^' 
six. At the Agricultural Eesearch Station, Samalkota, ploughing 
was found to be as good as crow-barring, a local practice in early 
years in preparing the land for sugarcane. 

Manuring . — Sugarcane is heavily manured. Bulky as well as 
concentrated manures are applied. 

Basal dressing . — Cattle manure is the common basal dressing 
(applied before planting) given. After two or three ploughings the 
manure is applied to tlie land. The quantity used varies from ten 
carts (or about five tons) to about 80 carts (or 16 tons) per a<nre. 
About ten tons is the usual dose. Sugarcane is cultivated as a cash 
crop with great care and attention and hehce the cane growers 
attempt to apply suflScient manure to the crop. When cattle manure 
is not available, sheep-penning is also adopted. Penning about 
2,000 to 8,000 sheep per acre may be considered as the usual 
practice. Wherever possible sheep-penning substitutes or supple- 
ments cattle manure, depending upon the availability of both in the 
locality. Wherever composts are available, it replaces cattle 
manure. 

Green manuring . — The practice of green manuring is beneficial 
to sugarcane. It can be conveniently practised by choosing a suit- 
able green manure crop like sunnhemp, to precede sugarcane. It 
is possible to sow sunnhemp just before the harvest of rice, if it is 
a short duration crop. It can be incorporated into the soil after 
a month’s growth. But, due to various practical difficulties, this 
practice of green manuring is not largely adopted, though it is 
recognized as good by the ryots everywhere. Growing of green 
manure crops either previous to sugarcane or in between cane rows 
where possible would reduce the cost of manuring. In 1950-61 
season, nearly 6,000 acres of sugarcane were inter-cropped with 
green manure. 

Green leaf manuring cann Iso be adopted wherever sufficient 
green leaf is procurable cheaply. This practice is extensively 
followed in Chittoor district, where “ pungam leaf ” is applied to 
sugarcane crop both as basal and top dressings. Similar practices 
also existed in parts of Visakhapatnam district where wild ipdigo 
leaf was largely available from waste lands. This is a practice 
worth adopting whenever conditions permit and facilities exiat. 

Top-dressing . — ^It is not enough if all the manurial requirements 
of sugarcane crop are applied in the form of cattle manure, compost, 
sheep manure or green manure, as basal dressings. To supply the 
fuH plant-food requirements of the crop in a convenient, cheap and 
in an easily available form, ajiplication of oil-cakes and nitrogenous 
fertilizers either alone or in suitable combinations, is the geneara! 
prae^ce now, all over. The oil-eakes uwd are groundnut oil-ci^ir 
castor ofl-cake, pungam oil-cake, neem oil-cake, coconut oil-cake aiid 
tobacco od-cake, in the order of importance. The choice of one of 
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tbe other depeuds upon the availability and prices apart from the 
niU'Ogen content of the manures. The fertilizer commonly used 
for cane is sulphate of ammonia. The method of application is by 
a combination of these two manures (oil-cakes and sulphate of 
ammonia in the ratio of 1 :1 or 2 :1 on nitrogen basis). (3akes are 
powdered and mixed with the fertihzers. The total quantity of 
manure to be applied is split up into two equal doses and the first 
dose is applied, 40-45 days after planting and the second is applied 
when the crop is three to five months old. But when irrigation 
facilities do not permit such application of manure in two doses, 
it is applied in one dose in the second or third month, when suffi- 
cient water is available to irrigate the cane crop. The application 
of the second dose often synchronises with the earthing up of the 
crop with the onset of rains in June- July. A quick growing green 
manure crop like sunnhemp can be sown along-side the sugarcane 
rows when the crop is about two months old, so that inter-culture 
may not be impeded and initial growth of sugarcane is not in any 
way affected. At the time of earthing up, the green manure 
plants are pulled out, spread along the bases of the clumps in the 
row and covered over to serve as green manure. Instead of 
sunnhemp, any other crop like “ Pillipesara ” or cowpea, can be 
sown, even in the inter-spaces to serve also as cover crops in 
summer. In such cases the inter-spaces are thoroughly weeded 
and hoed once before sowing these crops. This practice is being 
adopted in certain tracts, green manure crops with erect growing 
habit like sunnhemp or daincha being preferable to spreading 
types. 

Manurial experiments on sugarcane. — Manuriai experiments 
were conducted during the past four decades on sugarcane, 
primarily in the research stations at Anakapalle in Visakhapatnam 
district, Gudiyattam in North Arcot district, Samalkota in East 
Godavari district and Palur in South Arcot district. 

Anakapalle — Trials to test the effect of manuring the 
nurseries. — Seed crop used for setts indicated that increased 
manuring to the nursery crop did not show any advantage. The 
nursery crops were manured at 25, 50, 75 and 100 lb. nitrogen per 
acre and planted out in the main field uniformly manured, llie 
results disclosed that the general effect of nursery manuring was 
not significant. 

In an experiment where spacings and manurial doses were 
tested, in two out of three years, the general effect of spacing alone 
(4 'Unke between rows) was significant but not the manorial ^bses 
nor interactions between spacings and manures. The spacings 
tried were 3x5 (i.e., three links between rows on the bed and five 
links between rows on the trench side) 4x4, and‘ 4x6 links, 
tnnnbea alternated witii beds. The dosages of manure tried 
were 35-, 60, 76 and 100 lb. nitrogen per acrti 
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: - Molasses tried as . manure gave lower yields than sulphate «£' 
ammoRia, “ Pillipesara ” green leaf, or groundnut cake on equal 
nitrogen basis. (26 lb. nitrogen per acre). Between 36, 62, 78- lb. 
nitrogen per aore ajqplied as molasses, there was no significant 
difier^ee in yield between them. 

■ To study the effect of phosphatic manures on the quality of the' 
juice, -an experiment was laid out with two treatments treated and 
liiot treated — ‘the treated receiving- 312 lb. of super phos[3iate over 
a basal dressing of five tons cattle manure and lOD In. nitrogen per 
acre, while “ not treated ” received only five tons cattle manure 
as- basal dressing and 100 lb. nitrogen per acre. The results indi- 
cated that there was not much difference in yield or in the quality 
of the juice between the two treatments. 

An experiment was laid out to determine the optimum dose of 
manure for sugarcane with two major treatments, (1) basal dress- 
ing of 10 tons cattle manure per acre and (2) no basal dressing, 
and six minor treatments : 0, 50, 100, 150, 200 and 250 lb. nitro- 
gen per acre applied in the form of groundnut-oil cake applied in 
two equal doses — one at planting time and the other at the time 
of earthing up. The results indicated that 100 lb. nitrogen per 
acre is about the optimum dose for sugarcane in the locality. 

To find out the effect of concentrated nitrogenous manures on 
the germination of sugarcane an experiment was conducted with 
50 lb. nitrogen as groundnut-oil cake, 50 lb. nitrogen as sulphate of 
ammonia and 50 Ib. nitrogen (2/3rd as cake and l/3rd as sulphsite 
of ammonia) compared with no manure. The manures were 
applied at the time of planting and the results indicated that the 
application of nitrogenous manures had no effect on germination. 

The manurial value of “ salvaged ” ammonium nitrate was 
tested. The Snitrate plots recorded the lowest yields and the 
results indicated that there was nothing .to recommend in the 
salvaged ammoifium nitrate as manure for sugarcane in preference 
to other nitrogenous manure already in use. 

An experiment to study the optimum time of application of 
ihanure was conducted with four treatments, viz., 160 lb. 
nitrogen (two-thirds as groundnut cake and one-third as sulphate of 
aimmohia) (i) all applied at the time of planting in one dose, 
(li) all 'a|iplied in one dose two months after the planting, (iii) all 
applied in one dose four months after planting and (iv) applied 
in two equal doses, half at planting time and half at the time of 
earthing up. The results indicated that it is better to apply all 
the manure two iponths after planting or half at the time of 
planting and the other half at the time of earthing up, than apply- 
ing the manure in full at the time of planting or four months aftei 
plating. - 

Xiudiyattam — Importmce df mamring the main field.-^ln 
oirder to find out if the .seed material frdm an intensively fertiliaai 
nursery crop (seed prop) can come xip weH with less manure in 
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the main field, so that there may be economy in expenditure under 
manure, a trial was conducted with J. 247 (247 B). The results 
showed that though the setts planted from an intensively fertilized 
nursery crop were better in germination and early vigour, the 
ultimate yield depended chiefly upon manuring the main field. 
Manuring the nursery crop heavily, and reducing the dose of 
manure in the main field was not of much avail. 

Optimum dose of manure for sugarcane . — Six levels of nitrogen 
viz., 0, 60, 100, 150, 200 and 250 lb. nitrogen per acre as 
groundnut oil-cake over a basal dressing of 10 tons of cattle 
manure per acre with Co. 419 variety, were tried. There was 
good response to nitrogenous manuring up to 200 lb. nitrogen per 
acre. The yields of plot which did not receive any oil cake, weie 
miserably poor though the plots had received cattle manure as 
basal dressing. Sugarcane requires adequate concentrated 
nitrogenous manure like oil cakes up to 200 lb. nitrogen per acre 
to give optimum yields in this tract. 

Effect of application of superphosphate . — Application of super- 
phoshate at one cwt. per acre did not have any beneficial effect 
on the quality of the juice of cane. 

Effect of manuring on germination of sugarcane . — To study 
the effect of concentrated manures on the germination of sugarcane 
when applied at the time of planting, 50 Ih. nitrogen as castor 
oil cake or sulphate of ammonia or a mixture of both in the pro- 
portion two-third as castor cake and one-third as sulphate of 
ammonia, was applied, the variety being Co. 119. The results 
of three year trials indicated tliat application of the above dose 
of concertrated manures at the time of planting did not have any 
adverse effect on the germination of cane. 

All the varieties under observation plots at Anakapalle and 
Gudiyattam were raised under two levels of irrigation and manure, 
namely “ normal and restricted Under the treatment 
normal crops ” received 100 lb. nitrogen per acre and irrigations 
once a fortnight, while under the other treatment, “ restricted 
crops received 50 lb. nitrogen with half the nuniber of irrigations 
given to the normal. The trials at Anakapalle indicated the fact 
that the restricted treatment while reducing the tonnage of cane 
per acre, improved the juice quality in all the varieties by inducing 
earlier maturity and higher sucrose content and purity. The 
results at Gudiyattam indicated reduction in both yield and 
sucrose cemtent. 

Samalkota . — Manurial experiment with sulphate of ammonia 
in comparison with castor-oil cake and groundnut-oil cake was 
conducted. There was no difference between the different manures 
as long as they were applied on equal nitrogen basis. 

Graded doses of nitrogen, 50, 100, 150 and 200 lb. nitrogen 
per acre as groundnut cake and sulphate of ammonia in the ratio 
of 1 : 1 tried, indicated that higher tonnages were recorded with 
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iacreased doses, but diflerences between 150 and 200 K and 100 
and 160 N were not statistically significant. All higher doses w«r« 
superior to 60 N. The highest dose of 200 N gave the ma x im mu 
yield. However, 160 lb. N dose was found to be an economical 
one. Higher doses also resulted in delay in maturity. 

Time of application of manures. — ^Application of (i) 100 Ib. 
Nitrogen in one dose at planting time, (ii) 60 lb. N at planting 
time and 50 lb. N in June, (iii) 30 lb. N at planting time, 40 lb. N 
in June and 30 lb. N two months after the second dose, were 
tried on Co. 419. Application in two doses, half at the time of 
planting and half at the time of earthing up in June, was found 
to be economical. 

• Effect of combinations of phosphahic manures with graded doses 
of nitrcigenous manures with Co. 419 variety. — The doses 
under trial were N, 2 N, N + P, 2N + I’. 3N + P, N + 2P, 
2 N + 2 P and 3 N + 2 P. The phosplmte combination had no effect 
on yield and hence was found to be uneconomical. 

Palur. — Comparison of the effect of organic and inorganic 
nitrogen alone and in combination was made. The different 
manurial doses tried were, (i) no manure, (ii) 75 lb. N as sulphate 
of ammonia, (iii) 150 lb. N as sulphate of ammonia, (iv) 75 lb. N 
as groundnut ojl-cake, (v) 150 lb. N as groundnut oil-cake, (vil 75 
lb. N half as groundnut oil-cake and half as sulphate of ammonia. 
160 lb. N half as groundnut cake and half as sulphate of ammonia 
was found to be the best. 

A combined manurial and varietal trial was conducted with 
the following manures : — 

(i) N — 0, 75, and 150 lb. per acre. 

(ii) PgOft — 36 and 70 lb. per acre. 

(iii) KjO — 0, 50 and 100 lb. per acre and varieties Co. 419, 
Co. 349 and POJ. 2878. 

The following results were recorded : — 

(a) Co. 419 with 75 N gave as good yields as Co. 349 with 
150 N. 

(b) Co. 419 is capable of thriving even vnth less doses of N. 

(c) Higher doses of N have not affected the sucrose content. 

(d) P,Oj and KgO either alone or in combination have not 
influenced the yield or quality of cane. 

The experiment to determine the optimum nitrogen dose for 
sugarcane as groundnut oil-cake, with and without cattle manure 
and its effect on quality <rf jaggery indicated that — 

(a) No significant differences were noticed between yields 
from ‘ cattle manure ’ series and ‘ no cattle manure ’ series in any 
of the seasons in respect oi bcfb the vairietieB tested. 

(b) There was regular increase in the tonnage of cane with 
iiKirease in N level, with a substanMal increase .with the maximiiB 
dose N at 300 lb. per acre. 
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(c) In respect of both the varieties tried, there was no diffe- 
rence in quality of juice by the application of cattle manure. The 
highest sucrose content and purity were obcatned in the plots 
manured with 100 lb. N. The higher doses of N reduced very 
slightly the sucrose content in the juice and its coefficient of purity, 

(d) When the economics of manurial treatments were con- 
sidered, it was observed that with the increase in the dose of N 
up to 250 lb. N there was increased net income. 

(e) As a substantial increase in the yield of cane occurred 
even at the highest dose of nitrogen, viz., 250 \h- N per acre, the 
point at which further addition of N does not result in increased 
yields could not be determined in this trial. 

Review of all the manurial experiments conducted in the State 
Agricultural Research Stations. — All the manurial experiments 
conducted in the various Kesearch Stations were reviewed and the 
summary of conclusions drawn from the experiments are as 
follows : — 

(i) It has been definitely establislied tliat the application of 
nitrogenous manures increases considerably the tonnage of the 
popular varieties of stigarcanes tested. 

(ii) Phosphates, when applied to sugarcane, did not influence 
either the iiuahtj of juice or yield of cane. 

(iii) Sulphate of ammonia alone or in combination with oil- 
cakes, was definitely superior to oil-cakes alone used as manures. 

(iv) Increased doses of nitrogen gave significantly liigber 
yields up to the level of 100 lb. to 250 lb. per acre depending upon 
the tract and initial soil fertility. 

(v) Application of groundnut cake and sulphate of ammonia 
in the proportion vaiying from 2 : 1 to 3 : 2 ratio was found 
to be efficient. The following doses of nitrogen are optimum for 
normal yields in the tracts mentioned below : — 

Anakapalle ... 100 lb. N per acre. 

Samalkota ... 150 lb. N per acre. 

Gudiyattam ... 200 lb. N per acre. 

Palur 250 lb. N per acre. 

(vi) Application of manure in two doses, one 40-45 days 
after planting and the second at the time of earthing up is 
advantageous. 

(vii) The intensively fertilised seed material has responded 
more favourably to all doses of nitrogen than poorly fertilised seed 
material. 

(viii) Though the inorganic fertilisers contribute to the 
increase in tonnage, these are not effective in improving the quality 
of juice when applied in large doses. A basal dressing of cattle 
maHtire is to be recommended, not so much for its nitrogen content 
kB for its ^ect on the soil. 
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(ix) Increasing doses of nitrogen increases tonnage of sugar- 
cane per acre, but beyond an optimum level it delays maturity and 
depresses sucrose content also. The optimum dose, therefore, is 
one that gives increased yield per acre without delaying maturity 
or depressing sucrose content, 

(x) Under normal cultural practices, there is no significant 
increase in tonnage of sugarcane beyond the dosages 100 lb. N 
and 150 lb. N in Anakapalle and Samalkota, respectively. 

At Gudiyattam there is evidence for increase in tonnage of cane 
up to 200 lb. N. 

At Palur there is appreciable increase in tonnage of cane even 
up to 250 N and there may be response even to larger doses. 

The delay in maturity and depression in sucrose starts at about 
150 lb. N level at Anakapalle, and Samalkota, and at 250 lb. nitro- 
gen or more at Gudiyattam and Palur. 

Planting- -Layout of the field . — Before planting, the land is 
levelled and laid out into ridges and furrows at distances of about 
2J to 3 feet. This has become at present almost a general 
practice. 

At the Agricultural Research Station, Samalkota, an experiment 
was laid out to compare the effect of deep trench planting (12 inches 
deep) against bed planting (surface or shallow) to find out whether 
it would in any way prevent the usual lodging of the crop in the 
later stages and also reduce the cost of wrapping and propping. 
The results were erratic with indications of less lodging in the 
trench planting in some seasons. Germination in trench planting 
was also affected in some seasons. 

Planting in furrows is found to be a very satisfactory method. 
It facilitates the usual operations of planting, manuring, inter- 
culture, irrigation and drainage. Planting in this system should 
be neither deep nor shallow. The germination is then satisfactory. 
For these reasons, this system is becoming more popular. 

Spacing . — The spacing between furrows is about to 3 feet, 
depending upon the nature and fertility of the soil and the variety 
planted. Spacing experiments at Anakapalle and Samalkota indi- 
cated that four links or 2 feet 8 inches was the optimum spacing. 
Accordingly in pactice also 2J feet to 3 feet spacing is being adopted 
by cultivators. 

Choice of seed material ., — ^It is a recognized fact that the buds 
of immature sugarcanes germinate well. The buds of the tops of 
cane germinate well. Ryots prefer to utilize the immature top 
portions of cane as seed material; failing this, the next choice is 
for mature canes. Planting setts taken from the whole cane is 
sometimes done but it is an undesirable practice which results in 
low germination and high seed rate. There is a practice of riding 
sugarcane crops entirely for the purpose d seed materlsi. Theae 
crops are planted in about June to August and used for lead 
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material in February-March. All the setts from such young crops 
(abort crops) germinate very well. This practice is followed m 
parts 6f Salem and Tiruchirappalh and Krishna districts. Where 
such special crops exist there is no need for the harvest of the 
previous season’s crop and planting of the succeeding crop to syn- 
chronise. They can be taken up independent of each other. Such 
crops raised specially for seed material are now known as “ short 
crops ” or “ seed crops.” 

’ Short crop, — Small areas are chosen preferably by the side of 
the proposed sugarcane area, well-manured and planted in August- 
September. This crop would be about six months old by February- 
March. Short crops would provide material sufficient for eight to 
ten times the area. These are useful where the harvest of the 
previous crop and the planting of the next do not synchronise. 
Germination would be better and hence less seed material need 
be used. 

Eicperivients with short crop seed material. — An experimeut 
was laid out at Anakapalle hi the years 1924-28 with the variety 
J 247, to find out the efficacy of short crop seed material over 
mature seed material. The results of this experiment indicated 
that short crop seed material when planted yielded on an average 
17 6 per cent more than the crop planted with mature seed material. 

Preservation of seed material. — Under normal conditions, there 
IB no need to preserve seed material. The land is prepared and 
laid out. The canes for a standing crop are cut just before 
planting. It is also coiuinon experience that the seed material 
should be as fresh as possible for best germination. However, 
necessity may arise to preserve the seed material for varying periods 
when it has to be transported over long distance, when it has to 
be imported by train from distant places, and when planting has 
to be delayed on account of unforeseen circumstances. In such 
cases, there is need to carefully preserve the seed material. In this 
State, the usual method adopted is to heap the canes under shade 
and cover it over with trash. The canes are stripped and cut into 
setts just before planting. 

Experiments to find out the best method of preserving the 
sugarcane seed material were conducted at Anakapalle with the 
following treatments using Co. 419 : — 

(i) Setts heaped together and covered with trash and kept 
moist for periods of 15, 80 and 45 days (Heap method). 

(ii) Pitting “whole canes w'ith trash and preserving for 15, 30 
and 45 days (North-West Frontier method). 

(iii) Bundles of setts planted erect in a puddle, covered with 
paddy Btraw and kept moist by w'atering frequently (Kurnool 
method). 

(iv) Short crop seed material — cut fresh (control). 
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The results indicated that planting short crop seed matmal 
gave the maximum yield. Next come ihe Heap, ivurnool, and 
North-West frontier methods in the descending order of yields. 
It IS therefore advantageous to plant short crop seed material fresh 
and in case of necessity preservation by the heap method, for not 
more than fifteen days may be done. 

Seed rate . — Sugarcanes intended for seed material are hand- 
stripped of trash or dry leaves without damage to the buds. The 
canes are cut into bits, each bit containing three buds. One to 
two inches of ihtemode are left on either ends of the bit. The 
bits so cut are called setts. In the beginning when Coimbatore 
seedlings had not spread, usually a heavy seed rate ranging from 

30.000 to 40,000 setts per acre, was used for planting as the 
varieties under cultivation had low germination capacities. With 
the advent of Coimbatore seedlings which are capable of giving 
fairly high germination percentage (over 60 per cent), the seed rate 
has been considerably reduced. 

Seed rate experiments . — Experiments conducted at Anakapalle 
with J247 and Co.419 with seed rates 12,000, 16,(X)0, 20,000 and 

24.000 setts per acre, indicated that there was not much difference 
in yields between the different seed rates. Hence 12,000 to 16,(XX> 
setts per acre were found sufficient for that locality. Similar 
experiments at Palur also indicated that 12,000 to 16,000 setts per 
acre should be sufficient with good seed material. At present seed 
rate of- about 16,000 setts per acre is generally adopted with the 
popular Coimbatore canes. 

From the experiments conducted at Anakapalle and Samalkota, 
tp compare the method of planting seedlings aged 2, 3, 4 and 5 
weeks 'old with the method of planting setts, it was concluded 
that good crops could be obtained by using seedlings not more than 
four weeks old. This method is not in general practice as it 
entails extra expenditure in raising seedlings in a nursery with no 
special advantage over planting setts. 

When sugarcane setts are planted, the first sprouting of buds 
is seen at the end of ten days after planting. Within the first 
two weeks, 35 per cent of the buds germinate. Between the second 
and third weeks 40 to 48 per cent of the sprouts come up and the 
germination is complete by the fifth week. Hence it is necessary 
to keep the soil in proper moisture condition during the period to 
ensure good germination. Setts should not be planted deep; onlpf 
half an inch of soil may cover the setts. Irrigation during germi- 
nation must be property controlled depending upon the nature of 
the soil, so that there may be optimum moisture. The soil must 
be kept in a friable condition by timely hoeings. 

Time of planting . — Sugarcane planting eommences in January 
and continues up to May in the different tracts of this State. 
March can be reckoned ae the main , planting time over, a large 
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area. Time of planting mainly depends upon the rainfall distribu- 
tion, the source of irngauon water, tne rotation crops, tiie nature 
of the land and the requirements of tiie sugai’ factory in factory 
areas. Jiarly planting in January-Tebruary is resorted to in delta 
tracts where the irrigation is from canals. The canals will be 
closed in May during which period there is no facility for irriga- 
tion of the crop. By planting early, the crop puts foith sufficient 
initial growth before May which enables it to withstand the absence 
of irrigation and severe summer. Under lift-irrigated conditions, 
where water supply is always assured, plantings are usually done 
in March-April. i^ate plantings in May are adopted when tlie 
land is occupied by another crop till March-April ; and in certain 
localities where continuous supplies of irrigation water may he 
available from May onwards the crop is planted in May. January 
to May is the main and only planting season in Circars, Ceded 
districts, Carnatics and many of the Southern and Central districts. 
But in Coimbatore, Tirucliirappalli, and Salem tracts there is also 
a practice of planting cane in July-August. If the crop can be 
planted in more than one season, it is a decided advantage for the 
sugar industry as it leads to a long crushing period, and for the 
jaggery making industry as it gives jaggery in lean months bene- 
htting the cultivators and labourers as well. 

Time of planting trials . — With the object of finding out tne 
best time for planting and to investigate into the possibility (it 
planting cane in more than one season, monthwar planting triaU 
were conducted for a number of years at Anakapalle. Samalkota, 
Gudiyattam and Palur. During the first two years of trial, it was 
decidedly noted that September to December plantings were un- 
economical and undesirable, as the growth was poor. Consequently 
the experiment was altered to compare the performance of out- 
standing varieties from January to June plantings. The results at 
Anakapalle indicated that best results could be obtained by planting 
from March to May. At Samalkota, January-March months were 
the maximum yields and planting before January and late alter 
April proved unsuitable. At Gudiyattam, May planting recorded 
highest yield in Co. 419 ; but April crop had the highest sucrose 
content of 18 per cent follow^ ed by March, May and June plant- 
ings. 

Varieties . — Sugarcane varieties differ very widely in their 
morphological, physiological and economic characters, viz., colour, 
thickness, length and shape of internodes, number of internodos, 
rind hardness, growth and habit, flowering, tillering and capacity 
to withstand drought and water logging, resistance to pests and 
diseases, richness of juice and time of maturity. Identification of 
taheties is based on the variations in the following characters, 
general habit, stalk, internode, node, growth ring, root band, leal 
sciar, glaucous band, buds, leaf-sheatli, throat, collar, ligule. ligular 
processes, leaf-blade, arrow and inflorescence. 
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Sugarcane varieties under cultivation in this State may be 
mentioned under the three categories; namely, (1) indigenous, (2) 
exotic, and (3; Coimbatore seedling canes. 

Indigenous varieties at present occupy only a little area in 
remote places and are almost getting extinct. Due to inherent 
defects such as susceptibility to pests and diseases, necessity fo? 
maintaining ideal conditions of cultivation necessitated their i:e.- 
placement with more suitable varieties. These were however, very 
bweei and rich in juice and soft rinded. They are medium to thich 
in girth, “ Tliellacheruku ”, ” Peddacheruku ”, “ Chinna- 

cheruku”, ” Bontha”, ” Desavali”, ‘‘ Keli ”, etc., in Teluga 
districts, ” Poovan ”, ‘‘ Vellai ” and ” Nanai ” in Tamil districts, 
” Uotte ” and ‘‘ Javan ” in ilellary area were some of the popular 
indigenous types. The same variety was also called by different 
names in different localities. They were all cultivated till about 
the nineties of the last centuiy. When ‘‘ Ked Kot ” a devastating 
fungus disease which almost brought the cultivation of sugarcane 
to the point of extinction in Godavari district broke out, the pro- 
blem of sugarcane improvement was taken up. Exjierts in the line 
suggested the importation of important varieties from other 
countries. 

Exotic types, viz., purple Mauritius, striped Mauritius, red 
Mauritius, Java Hebbal, B. 208, J. 207, POJ. 2878, Fiji B, etc., 
were imported from other countries at different times for trial in 
the State and many of them proved successful to tide over the, 
crisis. All these varieties are thick canes with soft rind, and fairly 
rich in juice with high purity but many of them demand fertile 
soil and careful cultivation. At this stage the Imperial Sugarcane 
Breeding Station at Coimliatore came into existence and took up 
the work of evolving suitable varieties for the different regions in 
India. 

The Coimbatore varieties are all developed from seeds set by 
open or cross pollination deliberately planned. After careful study 
of innumerable hybrids suitable ones were chosen for different 
tracts and distributed. Credit should be given in this connexion 
to the late Dr. Barber who first laid the foundation for sugarcane 
research and evolution of new varieties and then to Sri T. 8. Ven- 
kataraman (lately Sugarcane Expert) whose untiring work and 
zeal and mastery over the breeding aspect of sugarcane resulted in 
bringing about very outstanding Coimbatore varieties which have 
almost ousted all others from the field all over India. The Coim- 
bdtore canes are classified as thick and thin canes. Thick canee 
are thick in girth, and generally demand fertile soils, good manu-, 
ring, irrigation, etc., and are more suitable for the conditions preh 
vailing in Bombay, Madras and South India as a whole. TIpj^ 
canes are thin in girth, hardy and are capable of thriving even 
scanty rainfall and under poor soil conditions, and these are m!or4 
suitable for North Indian conditions. . . 
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Vcirietal studies- — Every year the new seedling canes released 
from the Central Sugarcane Breeding Station, Coimbatore, are 
sent to the Besearch Station at Anakapalle, Samalkota, Gudiyat- 
tam and Palur where sugarcane improvement is one of the main 
items of work. Soon after the receipt of the new types, the 
material is multiplied in the first year and from the next year 
onwards they are carefully studied in observation plots. From the 
studies made regarding the germination, vigour, tillering, girth, 
length, weight, arrowing, maturity and final yield of cane, the 
promising varieties are again tested under preliminai-y yield trials. 
The outstanding varieties are next subjected to comparative yield 
trials classified into early, mid-season and late varieties with the 
respective standards. Outsl.andiiig varieties from these trials are 
also subjected to tests under different conditions such as wet and 
garden land conditions as is done at Palur, and normal and rest- 
ricted conditions of manure and irrigation as follow^ed at Anakapalle 
and Gudiyattam. After such careful study for six to seven years 
under varied conditions, the varieties that come up to the local 
requirements are further tested in the regional liaison farms, 
multiplied and released for trials in the cultivated fields. 

Sugarcane — Sorghum hybrids. — Seven sorghum-sugarcane 
hybrids Co. 351, Co. 352, Co. 353, Co. 354, CV). 355, Co. 356 and 
Co. 357 were under study at Anakapalle, Palur, Maruteru, Aduthu- 
rai and Coimbatore from 1932-33 onwards. They could not stand 
comparison with the ^lopular varieties in yield nor were they found 
early as expected and therefore they were not taken up for general 
cultivation. 

At present Co. 419 is the most popular variety throughout 
Madras State. It possesses tlie reuiurkable qualities of high germi- 
nation, vigorous growth, good tillering, capacity to withstand 
adverse conditions, good ratooning capacity, high tonnage and good 
quality jaggery. Thus, it is popular in the jaggery making areas 
and with some sugar factories of the State. The only defects in 
this cane are its unsuitability for early crushing, brittleness, lodging 
and breaking and susceptibility to smut. It is appropriately said 
to be the “ wonder cane ” of Madras on account of its high yield 
and adaptability to varying conditions in the State. 

Varietal studies at Anakapalle- — Varietal studies at this station 
sliowed that Co. 419 is the best of all Co. canes tried, wuih a 
maximum yield of 54-77 tons of millable cane per acre, in 1937-40 
trials. Among the early varieties chosen, Co. 527 recorded the 
maximum yield of 4-603 tons of jaggery per acre w4iile the control 
Co. 313 recorded only 3*4:72 tons. Co. 627 was released to the 
districts to replace Co. 313. Among the midseason varieties (Co. 
449, Co. 421, Co. 451, Co. 452, Co. 515), Co- 449 was found pro- 
mising with the maximum yield of 41-67 tons of cane and 5-034 
tons of jaggery of good quality. Hence Co. 449 is being recommend- 
ed for cultivation as midseason cane. Among the late varieties 
tried (Co. 331, Co. 419, Co. 444, Co. 538, Co. 514), Co. 444 recorded 
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the average maximum yield of 44-74 tous of millable cane and 
4-725 tons of jaggery per acre. Co. 419 was the next best in the 
trial. The quality of jaggery of Co. 419 was the best and it easily 
off-sets the slight increase in jaggery noted in favour of Co- 444. 
Hence Co. 419 is recommended for late crushing. 

Gudiyattam. — Among the five outstanding varieties (Co. 406, 
Co. 419, POJ. 2878, Striped Mauritius, and J. 247) tested, Co. 
419 was decidedly the best with 60 tons of cane per acre. Under 
restricted conditions of cultivation Co. 213, Co. 243, Co. 281, Co. 
313 and J. 247 were Med. Co. 213 and Co. 243 were equally 
good with an average yield of 29 tons of cane per acre- Among 
the varieties suitable for early season crushing, t'o. 421 was found 
the best with 30-25 tons per acre. In a subsequent trial with 
another set of varieties with Co. 421 as control, Co. 449 proved tf» 
be the best variety with 33-81 tons of cane per acre, and gave 31 per 
cent higher yield than the standard Co. 421. Hence in factory 
areas Co. 449 is recommended for cultivation. 

Samalkola. — ^Yield trial at this station indicated that Co. 419 
WHS the outstanding variety. Co. 545, Co. 421, Co. 541, Co. 453 
and Co. 627 were also found very promising with desirable 
qualities. 

Palur. — Under Palur conditions also Co. 419 was found suit- 
able for both garden and wet laud cultivation. 

Irrigation. — Sugarcane is cultivated invariably as an irrigated 
crop in Madras State. Unfailing water supply is essential through- 
out the growth period of the crop. The lainfall has to be supple- 
mented by timely irrigations. The sources of irrigation are mainly 
canals and wells and to some extent tanks. In the case of canal 
and tank irrigation the crops generally depend upon wells for 
irrigation during summer. In delta tracts where canals are closed 
during summer for about a month, the crops remain unirrigated 
during that period in the absence of wells. Irrigations must be 
given judiciously, avoiding excessive watering and taking care to 
irrigate when absolutely necessary with just sufficient water. 

Duty of water experiments. — Experiments were conducted at 
Anakapalle, Samalkota and Palur on water requirements of sugar- 
cane The results indicated that the average requirements would 
be 71’31 acre-inches of water for sugarcane for an average duration 
of 349 days. Eainfall during the period also was included in the 
total requirements. 

Restricted (single) irrigation experiments. — Trials were con- 
ducted at Anakapalle, Samalkota and Palm to find out the possi- 
bility of raising sugarcane with one irrigafion al: the time of plant- 
ing. At Anakapalle, under this restricted system of cultivation, 
Co. 213 recorded over 40 per cent higher yield, than J. 247 (247 B) 
a cane variety that was then under cultivation. These varieties 
spread easily into cultivation in the Visakhapatnam district. At 
Samalkota, Co. 213, Co. 421, Co. 419, Co. 349, Co. 444 and Co. 443 
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were found fairly suitable under restricted irrigation. Co. 421 was 
the best with 37 tons followed by Co. 213 with 334 tons. Co. 419 
was outstanding in withstanding drought. Co. 349, Co. 444 and 
Co. 443 could withstand the single iirigation conditions as also 
cyclonic weather. At Palur, the results of the experiments showed 
that the thin canes could better withstand drought than thick 
canes. The low yields of canes with restricted irrigation were not 
commensurate with the saving ejected in restricting irrigation and 
hence restricting irrigation was found unprofitable. 

After cultivation , — Sugarcane is given the following after- 
cultivation operations — (1) weeding and hoeing, (2) filling gaps (3) 
trenching and earthing up, (4) wrapping and propping (in some 
places), (5) trashing and (6) removal of late shoots. 

Weeding and hoeing , — This is the most important operation. 
Hoeing and weeding are essential operations intended for suppress- 
ing weed growth and to keep the surface layer loose to conserve 
moisture. 

About six hoeings and weedings may be necessary altogether. 
In portions of South V^isakhapatnam district where there is scar- 
city for water in the early stages of crop growth, cane trash is 
spread over the planted field to cover it and to conserve the available 
moistui*e in the soil. In the initial stage, this operation is done 
with hand hoe using manual labour. The first hoeing and weeding 
is given when the crop is two weeks old, to break the hard surface 
crust and to enable the tender shoots to come up easily. As the 
crop grows, implements are worked with bullock power in the 
inter-spaces. Cultivators and H.M. G untaka No. 2, are very useful 
for this operation. Under efficient management, these implements 
can be worked wuth a single bullock using the bullock harness. 
Planet junior push-hoes of suitable design are also very useful and 
effective. The intercultivation ceases w’hen the crop puts forth 
sufficient growth. Later, only prominent weeds are removed once 
or twice especially along lines. 

Filling gaps . — One month after planting, the gaps in the crop, 
if any, due to failure of germination in the field, have to be filled 
up. This is very essential to keep sufficient number of plants in 
the planted area as otherwise the final yield is bound to be affected 
adversely. 

Extra setts are generally planted at the ends of cane rows and 
the germinated setts are used for filling up gaps in the field. The 
gaps are also filled with fresh setts cut for this purpose but this 
method of filling gaps is less efficient than the former. In some 
tracts like North Visakhapatnam, there is the practice of raising 
sugarcane nurseries in small areas on the same day that the crop 
is planted. In the nurseries the setts are closely packed. The 
seedlings also will be of the same age as the main crop and the 
gaps are filled with these seedlings. 

A.M,— 87a 
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Trenching and earthing up . — These two operations also go 
together and are usually taken up before the onset of heavy rains. 
By that time, the crop will be about three to four months oM. 
Trenches are dug in the centre of alternate interspaces in Circars 
districts, and in every interspace in the Ceded and Southern dis- 
tricts. The earth so dug is spread on either side to raise the level 
of the beds. Thus, the beds and trenches alternate with each other. 
The spreading of the dug-up earth on the bed is called earthing up 
and is intended to give more strength and foothold to the clumps. 
The trenches serve the purpose of drainage channels during rains. 
At convenient distances cross trenches are also dug to drain out 
the excess water out of the field. The same trenches also serve as 
channels for irrigation. The application of second dose of manure 
to the crop is done at this time. The manure is spread along the 
lines at the bases of clumps and covered up immediately by earth- 
ing up and irrigated. In places where drainage is poor in rainy 
season trenching is intended to create free drainage. In lighter 
types of soils, where there is free drainage instead of trenching 
with manual labour in alternate spaces, deep furrows are made in 
every interspace with a double mould board or ridge plough. In this 
case, when the furrow is formed, earth is thrown up on either side 
towards the base of the clumps. Bidge plough is an effective labour 
saving implement for earthing up. It covers one acre per day for 
this ofieratiou at a cost of about Rs. 3 whereas the same operation 
with manual labour costs about Bs. 20 at Gudiyattam. 

Wrapping and propping . — Wrapping is covering the sugarcane 
stalk with its own leaves by twisting them in a convenient manner 
round and round the stem. About six to eight leaves in the crown 
of the cane are left out and all other bottom leaves are twisted 
roimd firmly. This operation is mainly intended to protect the 
canes from the attack of jackals, rats and other wild animals, etc., 
and minimise their damage. It also facilitates propping of canes 
with bamboos. It is popularly believed that by covering the stalk, 
rooting is minimised, the quality of juice is preserved and the rind 
does not split easily and thus prevents attack by insect pests such 
as borers, etc. Wrfipping only is done in Hrikakulam, Chittoor 
and Anantapur districts. Wrapping commences when tlie crop is 
about four months old and continues up to the ninth or tenth 
month. 

Propping is an operation done to keep the crop erect and to 
prevent it from lodging due to severe cyclonic winds which are 
common in the Circars coast during October and November. Wrap- 
ping is usually taken up along with propping, so that the leaves 
themselves can be used for fastening the clumps to the props. 
Bamboos are used as props and are usable for about three years. 
This operation is practised in South Visakhapatnam, Bast and 
West Godavari districts and certain parts of Chittoor district. This 
is a very costly operation and increases the cost of production con- 
siderably. In spite of that, it is necessary to wrap and prop aa 
otherwise considerable loss often occurs due to lodging of one. 
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Wrapping and propping as practised in Godavari and South 
Visakliapatnam districts give ten to gfteen tons extra yield per 
acre over crops not so treated and as such the continuance of this 
practice by ryots is justifiable for obtaining maximum production 
per acre. However, methods to cheapen the operation require 
further investigation. Propping and binding canes by stocking is 
in trial at Gudiyattam and gives promise of successful results. 

The Venkataraman Sub-Committee (1U50) noted that the yield 
of cane is put up by ten to fifteen tons by propping with bamboos 
as practised in the Circars districts. At the same time the Com- 
mittee easily visualised the various methods by which this process 
could be cheapened in the future, such as the use of more lasting 
posts than bamboos and under certain conditions the process could 
be done with cocking and twisted trash. 

Propping by trash twist method was first tested at Gudiyattam 
Research Station. In this method, the leaves of cane plant are 
twisted into a rope form and two adjacent rows are brought to- 
gether and bound up at about four feet level. This method was 
extensively adopted in Nellikuppam, Gudiyattam and Vuyyur 
areas and found to he fairly effective with about 40-ton crop. In 
the Circars districts it is under further test. 

With a view to reduce the cost of propping, the department 
tried two other methods called, (i) horizontal propping and (li) 
wire propping. In horizontal propping, vertical bamboo props are 
fixed at wider distances of about six feet along rows. Bamboos are 
tied up horizontally to these props at a height of three feet and the 
canes are either wrapped to these liorizontal bamboos or tied up 
in a convenient manner. By this method, the number of bamboos 
required as props can be reduced by nearly half. As the crop grows, 
another two tiers of horizontal bambcMis are put up. In this method, 
when there are severe winds, the whole line falls down like a wall 
causing further damage to the adjoining rows. To rectify this 
defect, cross bamboos had to be tied up at regular and convenient 
distances and even this was not found very effective. This practice 
does not find favour among the cultivators and is not practised to 
any extent in. the Circars. In wire propping, on either end of the 
sugarcane row which may be about 40-50 feet in length, stout 
bamboo standards are fixed; to these standards, thin strong wire 
passed on either side oT the cane clumps is tied up. At regular 
distances of about two feet, the two wires are interlaced to hold 
the clumps tight in the loops. The first line of wdre is fixed at a 
height of about three feet and usually two more lines are fixed at 
distances of two feet. This method is also rather costly initially 
and is not adopted by the cultivators. 

Stoofctngf.— In places, where propping with bamboos is in prac- 
tice, in the advanced stages of the crop when it is likely to lodge, 
a few adjoining clumps are brought together like a stook and tied 
Dp with some cheap fibre or even cane leaves and sometimes a 
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strong bamboo prop fixed in the centre. In this method only 
about 1,000 bambcws are required and is intended to prevent 
lodging and consequent breakage of the cane. 

Trashing . — ^In some tracts the practice is to remove all the 
dried up lower leaves, as the crop grows. This operation is called 
trashing. The crop looks very neat and tidy with clean exposed 
and naked stalks with the green crowns at the top. This is intended 
to prevent the sprouting of buds and development of nodal roots 
due to accumulation of rain water in the leaf axils. 

Wrapping and propping trials . — A number of experiments were 
conducted at the Besearch Station at AnakapaUe, Samalkota, 
Gudiyattam and Palur on wrapping and propping operations. The 
results are summarised below. 

At AnakapaUe, an experiment was conducted to compare the 
normal bamboo propping with wire propping, with the variety 
J. 247. From the results of the three-year trial (1937-38 to 
1939-40) it was concluded that the cost of wire propping was 
more than propping with bamboos as locally practised. In a 
similar trial at Samalkota for three years (192^-24. to 1926-26) 
with J. 247 and purple Mauritius, the local method of propping 
with bamboos was as good as wire propping if not better. At 
Gudiyattam a similar trial was conducted to compare wire prop- 
ping with horizontal propping, for three years (1937-38 to 1939- 
1940). The results indicated that propping with wire was effective 
in preventing lodging, but the operation was costly owing to the 
large amount of labour involved in digging pits, fixing bamboo 
posts, cost of bamboos and wire, and handling wire, etc., and cost 
of this operation amounted to Its. 95 per acre, while wrapping and 
propping with bamboos by horizontal method amounted to Rs, 60. 

At AnakapaUe, further trials made with different methods of 
wrapping and propping to prevent the crop from lodging and to 
minimise the cost of cultivation indicated that wrapping and prop- 
ping as practised locally was the best, under both garden and wet 
land conditions. Similarly, at Gudiyattam with the variety “ Telia* 
cheruku ” which has a very bad habit of growth, wrapping and 
propping with bamboos was found necessary and also economical. 
Stocking canes prevented lodging to some extent. Propping with 
wire was effective but costly. At samalkota the results proved 
that the local practice of wrapping and propping though involving 
additional cost, is economically sound and gives a higher net 
return per aoz9. 

Removal of late shoots . — Prom the months of August — Septem- 
ber onwards, i.e., six to eight months after planting, all the side 
shoots that 'commence sprouting from the bases of cane clumps 
are removed. The side shoots or tillers usually appear more 
towards the borders of fields. If they are not removed, they too 
grow along with the main shoots and thereby inhibit devdo^iwi 




Plate 72 . — Sugarcane trathed. 
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Plate 7H . — Harvest of suoarcane^ P. 454 
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of the main shoots. At the time of maturity of the main shoots 
these tillers will be only five to six months old, immature and 
nnfit for harvest. 

Harvest — When to harvest sugarcane. — Sugar is the jM-oduct 
we value in sugarcane. It is therefore essential that we get the 
maximum recovery of sugar from cane. The development of 
sucrose in sugarcane can be compared to a rising sun. It is very 
low when the crop is young and gradually increases with age, 
attains the maximum, and then deteriorates. The period when 
canes attain the maximum sucrose depends on the age, time of 
planting and variety. In general, it ran be said that canes when 
planted in February-April attain maturity in twelve months. 
When planted in May and June, canes attain maturity in ten 
months though the peak sucrose content is lower than in earlier 
planting. Pebruary-March is the best period for the manufacture 
of jaggery of good quality and for obtaining the maximum recovery. 
If the harvest is delayed there is loss of about .500 lb. of jaggery per 
acre for every month’s delay. The deterioration or loss in recovery 
is still more marked if the harvest is delayed beyond April. 

Deterviination of ripeness in sugarcane. — Unlike grain crops it 
is not easy to determine the ripeness of cane by mere observation. 
Though the yellowing of leaves gives some indication of the 
maturity of cane it is not a dependable sign. Extraction of juice 
and analysing it for total solids, sucrose and glucose in a chemical 
laboratory periodically is the best method of determining the ripe- 
ness of cane, but this is not possible for ordinary cultivators to do 
so. However, it should be possible for enlightened ryots to deter- 
mine periodically at least the brix per cent or the total solids in the 
juice with the Brixometer. This gives fairly a good idea of the 
maturity of cane. If the brix, per centage in the case of Co. 419 
records 19 to 20 or over, it can be crushed. 

The ripeness of cane can also be determined by trial jaggery 
boilings. The maximum recovery of jaggery that can be expected 
from Co. 419 or Co. 449 is 12 to 13 per cent bv weight of cane. 

Ripeness trials and relation between arrowing and ripeness . — 
Ripenese trials were conducted at Anakapalle, Cndiyattam, Samal- 
kota and Palur with the following objects : — (i) To fix up early, 
mid-season, and late manuring varieties ba.sed on the sucrose con- 
tent; early varieties should contain at least 16 per cent sucrose in 
November to December with fair purity (8.5 per cent), midseason 
varieties 18 per cent sucrose in January to March, with high purity 
(90 psr cent) and late varieties 14 per cent or more sucrose in 
April to May with fair purity (85 per cent) ; (ii) to determine the 
attainment of maximum sucrose content in the popular varieties 
tested; (iii) to find out at what time best quality jaggery can he 
obtained; (iv) to study the onset of deterioration in juice in order 
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to determine the proper time of harvest for different varieties and 

(v) to study the effects of arrowing on juice quality, length and 
weight of millable cane. 

The conolusions drawn from the various experiments in the 
respective stations are furnished below : — 

Anakapalle. — (i) Flowering is not an indication of maturity. 
There was a steady increase in sucrose content even for about two 
to two and a half months after arrowing, (ii) deterioration of 
arrowed canes began two to two and a half months after arrowing, 
(iii) arrowed canes showed a higher sucrose content than the non- 
arrowed canes for about two to two and a half months after 
arrowing, (iv) arrowed canes had more pith in cane, (v) rind 
hardness diminished gradually from bottom to top. Bind is harder 
in nodes than in the internodes throughout the length of the cane, 

(vi) most of the cane varieties reach their peak sucrose content in 
Pebruaiy-March, but the early varieties can be harvested from 
December-January and the latter ones from February >March, (vii) 
in general, the quality of jaggery improved gradually up to March, 
(viii) most of the varieties reached their maximum tonnage in 
March, (ix) arrowing induced earliness and the juice of arrowed 
canes had a higher coefficient of purity than the non*arrowed 
canes, (x) Co. 533 and Co. 527 had rich juice and the quality was 
maintained from February to April. B. 208 was the earliest of 
all varieties, (xi) maximum jaggery recovery of 14'09 per cent on 
cane weight was recorded by Co. 533 in March, followed by 
Co. 527 with 13-67 per cent in April. B. 208 gave the maximum 
outturn of jaggery in December combined with the best quality. 
Maximum recovery of jaggery was obtained from arrowed canes 
earlier than from unan-owed canes, (xii) highest commercial cane 
sugar per cent (sugar that can be manufactured from a cane of 
known analysis) was obtained from B. 208 closely followed by 
Co. 583. 

Gudiyattam. — (i) Maximum sucrose was reached in the early 
varieties from December to January and in late ones from March. 
Co. 419 of the late group showed the highest sucrose of 20-28 per 
cent followed by POJ. 2878 of the early group with 19-58 per cent, 
(ii)' maximum jaggery recovery was obtained when the sucrose 
percentage was the maximum, (iii) profusely arrowing varieties 
are to be crushed early on account of their early development of 
high sucrose than non-arrowing or sparsely arrowing varieties, 
which are to be harvested late, (iv) January-February for early 
varieties and March- April for late ones, are the best periods for 
jaggery making, both for outturn and quality, (v) arrowing com- 
mences by about the middle of October. Arrowed canes mature 
and deteriorate earlier than unarrowed canes, (vi)' Co. 449, Co. 419, 
Co. S40, Co. 465 and Co. 535 recorded fairly high sucrose' 
purity among the varieties under trial. 
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Samalkoia . — Of the varieties Co. 419, Co. 421, Co. 443, Co. 
444, Co. 508 and Co. 349 tried Co. 508 recorded the richest juice 
with 21’21 per cent sucrose under arrowed and 20’03 per cent 
sucrose under unarrowed conditions. It was fit for crushing by 
November and continued to improve in quality right up to the end 
of March. 

Palur . — ^Based on the results of the ripeness trials the follow- 
ing classification of varieties was made for that locality : — 

Earlv— Co. 281, Co. 270 and Co. 414. 

Midseason— Co. 281, Co. 270, Co. 414, Co. 331, Co. 349, 
Co. 408, Co. 413, Co. 421, Co. 430, J. 247, Co. 363 and Co. 407, 
Late— Co. 363, Co. 407 and Co. 402. 

There is some overlapping of some varieties in the successive 
season. 

Arroiahig in sugarcane . — The percentage of arrowing varies 
with the varieties, season, and environmental conditions. Some 
varieties do not flower at all, some varieties flower sparsely and in 
some, flowering is profuse. Extreme drought and ill-drained con- 
ditions induce flowering. Crops planted in February-March arrow 
by the end of October and beginning f)f November. Canes planted 
in May -June do not arrow ordinarily. Arrowing is less if the 
crop is well manured and grown under luxury conditions. 

Swamp iriah. — A number of varieties including Co. 419 were 
tried under swamp conditions, where w’ater is let into the field 
in August and the crop was grown with standing water of one 
to one and a half feet depth till November. Co. 419 was out- 
standingly the best variety even under ill-drained (swamp) condi- 
tions, as also under drought conditions. The varieties mature 
earlier under swamp conditions by about a month and their juice 
is richer but the tonnage is poorer than those grown under normal 
conditions of growth. 

Harvest operations . — Harvest of cane is done with heavy knives 
or hatchets. Heavier and sharper the tool, the easier is the harvest 
operation. The canes are cut flush with the ground level or even 
two inches to four inches below the ground. The canes are rich 
at the base, and even a small stubble left above the ground 
results in considerable loss. Soon after harvest, the canes are 
stripped of the trash (dry leaves). This is done using a sickle. 
In some varieties the trash firmly adheres and stripping is rather 
laborious; whereas in some varieties like Co. 419 and Fiji B the 
trash easily separates and even falls off by itself. After stripping, 
the canes are topped at the point of the crown. The cleaned 
millable canes are either carted to the factories or milled for 
jaggery making. 

The trash is used as fuel' for furnaces in jaggery making. 
Where the cane is sold to the Sugar Factories, it should be used 
for composting. The Venkataraman Sub-Committee (1960) 
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noticed that the use of pig dung as starter hastened decomposition 
of trash when composted and this was confirmed by preUmina^ 
tests conducted at Anakapalle and under ryots’ conditions in 
Nelliknppam. In some places where collecting, carting and com- 
posting are found uneconomical and also for want of time, the 
trash is burnt in situ. Cane trash is a refractory material for 
composting and takes a long time for decomposition. In almost 
all places, trash is utilized in storing jaggery. In certain places 
the trash is used as thatching material also. 

The green tops are fed to cattle. They are much relished and 
considered nutritious. They are specially fed to bullocks which 
put on good condition with this green feed. Dried tops are aleo 
used as thatching material. 

Yields . — The average yield of cane varies from 20 to 46 tons 
of cane per acre and the yields of different popular varieties in 
different tracts are furnished in Appendix II. A maximum yield 
of 81'55 tons of cane was recorded at the Agricultural Research 
Station, Samalkota, m 1941-42 and about 96 tons under ryots con- 
ditions in 1950-61 season in Coimbatore and Glodavari districts 
with Co. 419. 

Trials to reduce cost of production . — At Palur, trials were 
conducted to reduce the cost of production. Co. 281, Co, S49, 
Co. 419 and POJ 2878 were grown, to select high yielding variety, 
using labour saving implements. “ Pillipesara ” and Sunnhemp 
were grown on ridges for application as green manure. Manures 
and irrigation water were used judiciously. The crop was neither 
trashed nor propped. The cost of production was reduced con- 
siderably and varied from rupees four to five j)er ton during the 
pre-war depression period 1936-37. 

Ratooning . — After the harvest of sugarcane, under favourable 
conditions, fresh shoots come up. The growth of these shoots is 
often very vigorous in the early stages due to the well established 
root system. If this fresh growth is taken care of by proper 
cultivation, manuring, irrigation, etc., a good crop can be raised. 
This is termed ratooning. Ratooning of sugarcane was adopted 
even from very early times and in some tracts ratooning for five 
to ten years also was practised. With the experience gained in 
the different tracts with the ratoon crops, it is only advised to 
ratoon for once and not more. In ratooning, there is considerable 
(about twenty per cent) saving in cost of production. Cost of 
seed material and planting charges are entirely saved. Much of 
the preparatory tillage is avoided. With the well developed root 
system the shoots put forth vigorous growth in the early stages. 
Usually, 60 lb. more nitrogen per acre should be given to ratoon 
crops. All other operations are the same. The yield of ratoons 
is generally lees due to neglect of such crops by the ryots. But 
thMe are instances where ratoon crops have given even higher 
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yields than plant crops. At present, ratooning sugarcane has 
become a general practice everywhere, but only one ratoon is 
recommended. 

Katoon eaperimenU. — Experiments conducted at Anakapalle, 
Samalkota, Palur and Gudiyattam to study the various aspects 
of ratooning disclose the following conclusions : — 

(i) Katooning reduces the cost of cultivation by 20 per cent. 
At Gudiyattam Co. 213 was found to be llie best ratooiier, wlieieas 
J. 247 was a failure. The first and second ratoon of Co. 213 
with increasing dose of manure at 200 and 250 lb. Nitrogen per 
acre gave 16 per cent and 11 per cent higher yields respectively 
than plant crops. It is therefore advantageous to take one ratoon 
of varieties that are good ratooners. As ratoons are more infested 
by diseases particularly ‘ smut ’, it is essential to maintain the 
vitality of the crop and field sanitation by adequate manuring, 
irrigation and clean cultivation. Ratoons luatuie earlier than 
plant crops and have to be harvested earlier. 

(ii) At Anakapalle and Samalkota the results indicated that 

(a) plant crops recorded better yields than first or second ratoons, 

(b) it was found economical to ratoon once only, and (c) ratoons 
were richer and earlier to mature than plant crops. 

(iii) It was most profitable to plant Co. 419 and ratoon it. 
Ratoons had richer juices and yielded higher jaggery recoveries. The 
percentage of arrowing was found rm^re in the case of ratoons. The 
cost of production per ton of cane was the lowest in Ihe case of 
Co. 419. 

Carting cane to the factory. — When the sugarcane has to he 
carted to the sugar factoric.s, only tliai qtiantity required for 
immediate carting is harve.sted, cleaned and carted, t'are .should 
be taken to avoid delay in carting after ti)c harvest, as the canes 
get spoilt resulting in loss in recovery to the factory, and loss in 
weight to the cultivator. 

Preparation of jaggery. — In the manufacture of jaggery there 
are two important processes, (i) the extraction of juice and (ii) 
boiling the juice into jaggery. 

Extraction of juice. — Juice is extracted from cleaned sugar- 
canes by means of crushers. The popular modern designs are 
three-roller-iron, bullock-drawn crushers of different makes. 
These iron crushers have almost completely replaced the old 
wooden mills which were not efficient extractors. Power crushers 
are also in use for large scale crushing. Kirloskar’s “ Vasant ” 
and “ Sharat ” crushers, and crushers manufactured by Aswin- 
kumar Mandal, Calcutta and Rama Narayan Banerjee Mills are 
some of theTKipular ones in general use. 

Mill trials. — The efficiency of a sugarcane mill is judged by 
its crushing capacity, percentage of extraction, low draught and 
durability. Trials with sugarcane mills of different makes — both 



460 MKMOins OF THE DEPAETMENT OF AGEICVLTOBB, MADBA8 

bullock drawn and power dnven, were conducted at the Anaka- 
palle, Samalkota and Gudiyattam Besearch Btations. The data 
obtained, indicated that there was not very much difference between 
the bullock mill and the power mill in the percentage of extrac- 
tion, which varied from 65 to 70 per cent, but the crushing capacity 
of the power mill was nearly three to four times that of the bullock 
drawn one, being 1,167 lb. per hour, as against 336 lb. per hour, 
of the latter. 

Boiling of the juice . — The fresh sugarcane juice is boiled into 
jaggery in large iron pans over specially constructed furnaces. 

Furnaces . — Jaggery making furnaces vary very much in size, 
shape and pattern in different localities. The local or country 
fur/iaces are merely pits dug in the ground, consume more fuel 
and have no facility for the smoke to escape. Sindewahi furnace, 
an improved type of furnace, was introduced about three decades 
ago. This furnace has a number of advantages, such as, a passage 
in hne with the feed hole for the smoke to pass through, a chimney 
for the escape of the smoke, a baffle wail in the centre of the 
furnace for the distribution of the flames, and an ash pit under- 
neath from which the ashes can be conveniently removed. There 
is considerable saving in fuel in the Sindewahi furnace due to the 
optimum depth and dimensions of the furnace. The efficiency 
and economy of the Sindewahi furnace were proved by various 
trials in all the jaggery making localities in this State and also 
in the Sugarcane Research Stations. • 

Fuel for jaggery furnaces is usually the trash (dry leaves) and 
the bagasse or megasse (the residue left after the extraction of juice 
from cane). Normally, the available quantities of trash and 
bagasse will be quite sufficient, when improved furnaces are 
adopted. Where there is wastage of fuel, as when country 
furnaces are in use, other available waste materials like stalks of 
redgram, castor, cotton, chilli, tobacco and cheap forest fuel, 
etc., are also used in addition. 

The pans for boiling the juice are generally made of iron 
material. They are usually flat bottomed and circular, seven feet 
in diameter and two feet in depth. In some localities, round 
bottomed hemispherical pans are in use. In some other places, 
flat bottomed pans with sloping sides are used. The capacity of 
the pans normally vary from 500 to 1,000 pounds of juice per 
charge depending upon the size. 

Process of boiling . — The juice is poured into the pan through 
strainers to remove the suspended impurities. With the full 
charge the pan should be only 1/3 to J full, leaving sufficient 
clearance for the juice to boil. Then the furnace is lighted and 
file fuel is fed uniformly to maintain maximum flame to qmcldy 
raise the temperature. The raw juice is acidic in reaction and 
before boiling it should be made neutral. For this purpose « 
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•mall quantity of slaked lime is mixed in water and the lime 
solution is added to the juice. The quantity of lime to be mixed 
is decided by experience and it is necessary to keep the juice 
slightly alkaline. Care should be taken to avoid excessive liming 
as it darkens the coloui’ of the jaggery. In neutral medium the 
juice easily gets clarified and all the impurities in the juice such 
as the colouring matters, waxes, gums, etc., get coagulated and 
float as a scum which is removed. In some places, the juice of 
hendi {Hibiscus esculentus) is also added for clarification. The 
scum is carefully removed with scum strainers or perforated laddies 
intended for the purpose. By tlie time the scum is removed com- 
pletely, the juice begins to boil. During the boiling stage, the 
water in the juice gets evaporated and the juice gets concentrated 
into syrup. Any impurities or scum that come up during boiling 
are carefully removed. As the concentration increases foaming and 
frothing subside. The syrup assumes bright yellowish brown 
colour. The syrup boils with small pearly bubbles. At this stage, 
to improve colour, a small quantity of milk is added in some places. 
This is said to impart golden yellow colour. But excess of milk 
slightly softens the jaggery. From this stage onwards, the flame 
is carefully regulated to avoid the possible caramelisation of the 
syrup, which is prevented by continuous and vigorous stirring. 
This is done with stirrers provided w’ith long handles. As the 
concentration progresses, the syrup gets thickened. When the 
end point is reached, the pan is removed from the furnace and 
kept by the side on a platfonn and the contents are very vigorously 
stirred to effect quick cooling which results in good crystallisation 
and bright colour. When the contents assume semisolid condi- 
tion, the contents of the pan are carefully collected to one corner 
with W(x»den scoops and finally transferred into moulds, etc., 
according to the local practice. 

Different methods are adopted in different localities in jaggery 
making. In some places nothing at all is added to the juice, either 
for clarification or for colour. In certain places, only lime is 
added but not milk and vice-versa in certain others ; whereas in 
some localities both lime and milk are added. These practices 
often depend upon the local customs and are also based on age-long 
experience. 

The final shape of moulded jaggery varies largely from tract 
to tract. In North Visakhapatnam the jaggery is poured into 
pots and allowed to solidify in them, each pot weighing from 18 
to 25 pounds net. In South Visakliapatnara it is moulded in 
baskets and each mould may weigh about 25 to 30 pounds. In 
Godavari, jaggery is moulded into thick slabs. In Chittoor it is 
made into big balls. In the South, small cubes are made and 
in some parts it is also converted into powder. Thus the final 
form in which jaggery is offered for sale differs from place to 
place. 
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Characteristics of jaggery. — Good jaggery should possess the 
following qualities ; — • 

(a) Colour — Golden yellow is the best. 

(b) Hardness — ^Jaggery should be hard and should not be 
easily scratched with the finger nail. 

(c) Sound. — ^Binging metallic sound when tapped indicates 
good quality. 

(d) Smell — It should be free from any unpleasant smell. 
It should have the typical jaggery flavour. 

(e) Crystallisation — The inner core should be whitish with 
fairly large sugar crystals. 

(/) Keeping quality — Good jaggery should maintain the 
hardness for a long time. It should not absorb moisture during 
the wet weather and must be free from sweating. 

(g) Taste — The taste should be sweet, and free from either 
acidic or saltish taste. 

(h) Cleanliness. — It should be iree from impurities as sand, 
dust. etc. 

Jaggery making trials. — In Coimbatore district and round 
about, cube jaggery gef)erally commands a higher price tlum lump 
jaggery and it has been the experience that when purity of cane 
juices falls down to about 80 per cent to 82 per cent, the prepara- 
tion of cube jaggery becomes very difficult. In such cases, either 
lump jaggery is prepared or very dark cube jaggery is made b.v the 
addition of excess of lime. Experiments conducted in the labo- 
ratory with a view to obtaining a better coloured cube jaggery from 
low purity -juices gave satisfactory results with the following 
method ; — 

Siiperjdiosphate, to the extent of 01 to 0-2 per cent of the 
juice by weight, is added to the cold juice and lime added im- 
mediately after, to bring a reaction very slightly acid to litmus. 
The juice is then boiled, scum removed, and lime added to a reaction 
just alkaline to litmus. The boiling is continued for a few 
minutes and the juice is allowed to settle down in a separate pan 
for 15 to 20 minutes. The golden yellow supernatant juice is 
syphoned and concentrated in the usual way, the mass get ready 
to enable the preparation of cube jaggery and the product so 
obtained is of a satisfactory colour. 

With some juices, it has been found necessary to place the 
concentrated thick mass of final syrup over a boiling water-bath 
for about 10 to 15 minutes to make it crystallize before transferring 
into the proper mould. The cube jaggery prepared es above from 
low purity juices is inferior 'in keeping quality to that prepared 
i^m high purity juices. 

Cream jaggery tnafc.— -With a view to improve the colour of 
jaggery, attempts were made to prepare white jaggery called 
** Cream ” jaggery by clarification of the juice. It was ajiaa 
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expected that the product would fetch a high price. Fur this 
purpose, the hot juice after the removal of scum is filtered through 
what is called “ activated carbon The filtrate which is 
decolourised is concentrated in the usual manner preferably in 
shallow copper pans with sloping sides. This results in almost 
white jaggery called ‘ cream jaggery Special propaganda was 
made to popularise this method. The limiting factor was the 
supply of activated carbon which could not be made by the culti- 
vators. It had to be supplied by the Government from the 
Besearch Institute at Coimbatore or from other Besearch Stations, 
which could not cope up with the demand. In addition, the cost 
of the activated carbon was also high. The filtration process was 
slow and the net recovery of jaggery was slightly lower. Due to 
these defects the process could not be adopted as a general practice. 

Sugar manufacture by open pan system . — In this process a 
specially constructed furnace with a battery of five pans called 
the “ Eohilkhand Bel ” is used. The capacity of the pans to 
boil at one time is about 4,000 lb. of juice. Usually, in this 
process, boiling is taken up non-stop from the beginning to the 
end for economy and convenience. When the juice is heated to 
85° to 90° (’ the scum is loriiied which is carefully removed. 
After the removal of the scum “ bendi ” {Hibiscus esculentus) 
juice should be added, and the juice boiled again removing the 
scum as it IS formed. Soda ash at eight ounces dissolved in 14 lb. 
of water for every 1,000 lb. juice is next added and further removal 
of the scum is done. When the juice in the fifth pan attains a 
temperature of 110° C the concentrated juice, is removed, cooled 
for 20 minutes and put into earthen pots. The rab in the earthen 
pots is stored for about a week for crystallisation before it is centri- 
fuged. The rab from the pots is removed by breaking the pots. 
The contents are well mixed up and centrifuged in a centrifugal 
machine. The white sugar adhering to the sides of the centri- 
fugal is scraped and dried in sun. The molasses that i.s obtained 
as a byproduct may be mixed with fresh juice in the proportion of 
1 ;■ 5 or 1 : 6 and prepared into jaggery, or it may be fm-ther 
concentrated to obtain the second sugar. A 15 inches centri- 
fugal machine can deal with 1,000 lb. of rab in a day of ten work- 
ing hours. It is not absolutely necessary to have only the special 
furnace witli battery of pans. Even the ordinary furnaces like 
Sindewahi can be used for the preparation of rab. But a centri- 
fugal machine is essential and to work it an oil engine or electric 
motor is required. Due to large demand for jaggery in this state 
the cultivators are only accustomed to prepare jaggery. The 
recovery of sugar by open pan system is comparatively low about 
five per cent. The second sugar obtained from molasses is of 
inferior quality. It is not practicable for all cultivators to own an 
oil engine and a centrifugal. For these economic reasons, this 
system did not find favour in Madras State unlike in North India 
where it is largely in vogue as a cottage industry. 
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Nutritive value of sugarcane products — 



Bagaroane juioe. 

Jaggery. 


PER CENT. 

PSB CENT. 

Moisture . . . . . . . . • • 

90*2 

3*9 

Protein 

oa 

0*4 

Fat (other extractives) 

0*2 

0*1 

Mineral matter 

0*4 

0*6 

Carbohydrates 

9-1 

96*0 

Calcium 

0*01 

0*08 

Phosphorus . . • « 

0*01 

O'Qi 

Iron 

1*1 mgs. 

11*4 mgs. 

Calorific value per 100 gms 

39 

383 

Carotine-international vitamin A units. 

10 

280 

Calories per ounce 

11 

109 


Storage. — Jaggery when exposed to damp weather absorbs 
moisture and becomes soft. In bad cases it becomes semi-solid. 
When the quality is lost the value decreases very much. As 
such, great care is necessary in storing. When large stocks are 
handled it is stored in godowns. Jaggery is piled up with trash 
in between the layers, or convenient quantities are tightly 
bundled up in palmyra leaves or mats or baskets. The godowns 
should be damp proof. They should also be proof against the 
common storage pests like rats, ants, etc. Ihiring the wet 
weather, stored jaggery is smoked in godowns. 

Pests and diseases of sugarcane — (1) Pests. — I'here are live 
important pests on sugarcane, viz., ‘ early shoot borer ‘ late 
shoot borer ’ , ‘ top shoot borer ’ , ‘ cane fly ’ and ‘ grass hopper ’ . 
Details about these and their control are dealt with under Crop 
Pests in Chapter 22. 

(2) Diseases. — Smut is the common and serious disease of 
sugarcane in the State. Red rot and mosaic proved to be, of 
importance in this State before the introduction of Coimbatore 
canes into cultivation. 

Sugar industry and protection.— Sugar is an important article 
of food and as such it is an important commodity in International 
Trade. Prior to 1800, sugar produced from cane was the only 
commercial product but in 1801, the technique of extracting sugar 
from another plant, viz., Beet, was perfected by Germany. At 
present out of a total production of about 34 million tons of sugar, 
about 25 million tons are from cane and 9 millions from Beet. In 
the banning of this century, every country encouraged sugar 
industry and with rehabilitation of the Beet' Sugar Industry in 
Europe after the first World War, there was a surplus of 1 million 
tons of sugar every year. Export quotas were fixed for sui’plus 
countries like Java, Cuba and Germany to check undue competi- 
tion, according to an international agreement referred to as “ Chad 
bourne plan The sugar industry in India developed rapidly, 
after the tariff protection ^nted by the Government in 
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under tlie Sugar Industry (l^rotection) Act of 1932. Protection 
to the sugar industry was granted for a period of 14 years ending 
31st March 1946. The protective duty of Rs. 7-4-0 per cwt. was 
in force until Slst March 1938. In the Sugar Industry Protec- 
tion Act, however, a statutory provision was made for an inquiry 
to be held before 31st March 1938 to enable the Government to 
determine what measure of protection should be adopted for the 
remaining period of 8 years. On account of protection, there was 
a rapid expansion of the sugar industry and production began to 
increase very rapidly. Thus, the number of vacuum pan factories 
increased from 29 in 1930-31 to 57 in 1932-33, and 112 in 1938-34. 
During the same period the production of sugar in vacuum pan 
factories rose from 120,444 tons to 454,000 tons. At the same 
fime, there was a series fall in the customs revenue on sugar 
from about rupees ten crores in 1930-31 to about two crores 
in 1933-34. It was found that the benefit of protection had been 
reaped entirely by the factory owners and not by cane-grower 
for whose benefit the protective scheme had been primarily 
devised. In 1934, therefore, Government reviewed the whole 
position and decided on a two-fold line of action. On the one 
hand, they imposed an excise duty on factory produced sugar so 
as to recoup a part of the sugar revenue lost through protection, 
and, on the other hand, they passed legislation enabling State 
Government to enforce a minimum price to be paid by the factories 
to the cane-grower. The excise duty was fixed at Rs. 1-5-0 per 
cwt* and this reduced the amount of protection from Rs. 9-1-0 to 
Rs. 7-12-0 per cwt. Under the Finance Act, 1937, while the 
import duty was raised to Rs. 9-1-0 per cwt., the excise duty on 
sugar was increased from Rs. 1-5-0 to Rs. 2 per cwt. Towards 
the end of 1937, Government appointed a Tariff Board to enquire 
and report as to what amount of protection should be granted 
to the industry after 31st March 1938. The Tariff Board in its 
reix>rt submitted in December 1937, recommended that protective 
duty of Rs. 7-4-0 per cwt. should be levied for a period of 8 years 
ending 31st March 1940. Pending Government decision on 
the Board’s repoiii, the then existing protective duty of Rs. 7—1-0 
per cwt., was extended by one year from Ist April 1938, to Slat 
March 1939. In the meantime, the price of imported sugar had 
gone up to some extent. Moreover, in 1938, the Governments of 
the Uttar Pradesh and Bihar had adopted an extensive system of 
control over the sugar industry, imposed a cess on cane supplied 
to the factories, and decided to enforce minimum price regulations 
more rigidly than in the past. The Government of India took 
account of these changes and decided to extend protection by two 
years ending 31st March 1941. The amount of protective duty 
was fixed at Rs. 6-12-0 per cwt,, i.e*, eight annas less than that 
reoQimiiended by the Board. Government also proposed that a 
fresh enquiry should be held in 1940, so as to enable them to 
deefide what amount of protection should be given after Slst Mamh 
1941* In March 1940, the excise duty on factory sugar was 

38 
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increased ■ from Es. 2 to Es. 3 per cwt., and to offset this, the 
total import duty (protective duty plus excise duty) v?as raised 
from Es. 8~ia-« to Es. ^12-0 per cwt. In April 1942, a revenue 
surcharge of 20 per cent on the import duty was imposed and the 
total duty was thereby raised to Es. 11-11-2 per cwt. This duty 
was continued from time to time without a fresh inquiry until 
31st March 1947. 

The Tariff Board held a summary inquiry in February 1947 
and recommended that the then existing protection should be 
continued for a further period of two years ending 31st March 
1949, and that a tariff inquiry should be instituted during the 
later half of 1948. In the first instance the protective duty wae 
continued by Government till the 31st March 1948, and later on 
by another ofder till Slst March 1949. 

In April 1948, the Government referred the case of the 
industry for continuance of protection, to the Tariff Board for 
investigation. An inquiry was held in December 1948, and the 
Tariff Board recommended that protection should be continued 
for a period of two years ending 3l8t March 1951 : and suggested 
that there should be a detailed inquiry at the beginning of 1950 
in order to determine the quantum of protection, if any, that 
would be necessary after the 3l8t March 1951. After referring 
the matter to the Central Legislative Assembly for consideration, 
the Government continued protection to the industry for a period 
of one year only, that is, till the 3l8t March 1950. Thereafter it 
was abolished. 

As a result of protection given to the industry the import of 
8-lakh tons of sugar in 1930 was reduced to 38,000 tons in 1936 
and is practically negligible now. 

Schemes uvder Sugar Excise Fund . — A part of the excise duty 
on sugar was set apart for helping the sugarcane growers in India. 
During August 1937, the Government of Madras submitted a five- 
year scheme to the Government of India which aimed at rendering 
assistance to the sugarcane growers in the factory areas of this 
State. The main idea of the scheme was to adjust the sugarcane 
cultivation in the factory areas to suit the requirements of the 
factories, and to formulate suitable cultivation practices to achieve 
this object. It was decided that the grant should be spent through 
co-operative societies or unions of cane-growers in factory areas. 
Each society was provided with a certain amount of capital for 
the jiurchase of implements, rubber tyred carts for transport, 
necessary apparatus and equipment, and seeds and manures. In 
some factory areas there were already societies and they were 
affiliated to the unions which were set up for this specific purposa 
to control the working of the aoieties. The unions employed 
oo-op«ative and agricultural staff lent from the respective depart* 
menlM. , , 
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There were ten centres 
areas as shown below : — 

Dlstxiot. 


Viaakhapatnam 

East Godavari 
KridliAa > • 
Bellary 
North Aroot 
South Aroot 
Coimbatore 
South Kanara 


of work in the State in the factory 


LocaMon of the 
factory. 

{ Bobbin. 
Thummapala. 
Etikoppaka. 
Kirlampudi. 
Vuyyuru. 

. Hospet. 

. Mailpatti. 

. Nellikuppom. 
* Podanur. 

. Kalyanpur. 


The scheme started work from the beginning of 1938. Very 
useful work was done in all the centres and there was substantial 
progress in all the objectives set forth in the scheme. As a 
result, in all the factory areas, the improvements suggested for 
sugarcane cultivation were put into practice to a large extent. 

Sugarcane Ancillary Scheme . — This was a scheme financed 
from the Sugar Excise Fund. Under the scheme, the results of 
sugarcane research in the various stations were tried in the 
growers’ lands in factory areas, to test the suitability of the proved 
results of research in the respective localities, so that the success- 
ful items could be safely recommended in the tracts concerned. 
The land owner had to bear all the normal cultivation charges 
except seed material, manures, and extra cost incurred for certain 
operations. All the produce was given to the owner. Suitable 
varietal, manurial and cultural trials were conducted in all these 
ancillary schemes (schemes ancillary to the Indian Council of 
Agricultural Besearch Schemes) in the following places : — 


Dlstrlet. PIaoo. Dnratloii. 

Viaakhftpatnam Bobbili . . 4 years. 

Do. . . . . Palakonda . . . . 3 

East Godavari Kirlampudi . . . . 4 ,, 

Do. • • . . . . Kamacnandrapuram . . 3 „ 

Kridma Vuyyuru . , 4 „ 

North Aroot . • . • . . . . Tirupattur . . . . 2 ,, 


In these trials, many of the findings in the Research Stations 
were confirmed and the outstanding improvements demonstrated 
to the growers. The successful varieties for early mid-season and 
late crushing, optimum and economical doses and forms of 
manures, and use of labour-saving implements for after-cultiva- 
tion could be spread in the tracts. 

Sugarcane Besearch Scheme . — This scheme was initiated in 
January 1947 and is being worked out at Anakapalle and 6udi- 
yattam on the usual share basis. 


This scheme envisages detailed study of varieties released 
from Coimbatore, a manurial schedule, ratooning and tolerance to 
twamp. In division of Chemistry, nitrogen nutrition of sugar- 
caojB. foliar dia^osis, factors influencing quality of jaggery and 
their relationslnp to composition of juice, are the main lines of 

A,M. — 38a 
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work in progress. In the division of physiology, water require- 
ments of plant and ratoon crops of sugarcane, tissue moisture in 
relation to sucrose content, factors influencing maturity of sugar- 
cane, and root system are the studies in progress. In the division 
of Mycology, varietal resistance to smut, and modes of dissemina- 
tion and carry-over of smut are the items of research. In the 
division of Entomology, evaluation of loss due to borers and 
methods of control are being investigated. 

Sugarcane Development Scheme . — ^In March 1949, the 
Sugarcane Development Scheme was initiated with financial 
assistance of the Indian Central Sugarcane Committee. The 
object of the scheme is to increase the average yield of sugarcane 
in the State by at least 20 per cent, to assist the cane growers 
in cultivation of the crop, and to increase the recovery per cent 
in sugar factories. Four Liaison Farms were started in Samalkot, 
Hospet, Eulittalai and Nellikuppam. These Liaison Farms serve 
as regional centres for testing varieties and improved methods of 
cultivation. Seed material of improved varieties are multiplied 
and released to the cane growers. Special Agricultural Demon- 
strators are posted in Important cane centres and these technical 
men carry on propaganda among the cane growers and carry the 
results of research to the doors of cultivators. They watch the 
appearance of pests and diseases and take prompt control measures 
in co-operation with the Plant Protection Staff. After the initia- 
tion of the Sugarcane Development Scheme, the standard of cane 
cultivation is on the increase. 

The working of Our Control Order in Madra.-f State . — The Gur 
C<mtrol Order regulating the inter-Provincial movement of jagg«'y 
(gur) came into opertions on Ist November 1943 during the 
second World War. 

Madras is a surplus State as regards jaggery (gur) and the 
excess over State requirements which in normal times used to 
be~ireely exported to neighbouring States, was controlled and 
regulated under the above order. Export quotas from Madras 
were allotted to the adjoining States by the Gur Ccrntroller for 
India. 

The above quotas based on the geographical situation of the 
importing areas and normal trends of movement were generally 
found suitable for the export of the surplus gur of this State. 

As contemplated in the Gur Control order the despatches of gar 
were made from this Gbvernment to the Governments of other 
States, within ceiling rates approved by the Government. 

' ' M/ffect of the Our Control Order.— By the method of Govern- 
ment purehase and despatch, the Gur Contrd Order was maiuty 
adnuitageotis in keeping down prices and conserving and regtde^ 
teg sUmhes of jaggery. The prices which were steadily inteMi* 
teg tffl Januaiy declined to reasonable lindts. 
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System of export under private permits . — ^With effect from the 
9th of August 1944, a new method was introduced by which 
exporters were allowed to despatch jaggery to their own consignees 
in other States under permits, issued to them within the ceiling 
rates and on payment of a surcharge of two annas per railway 
maund. This created a large rush for export permits. 

It was foimd that the new system provided for a more rapid 
disposal of accumulated stocks. There was, however, a rise of 
prices in the markets, due to the activities of permit-holders and 
merchants to get hold of the stocks. Some States like Cochin and 
Hyderabad, however, desired to continue the old system. This 
was because the quality of jaggery supervised by the marketing 
staff was generally satisfactory. 

Madbas Jaggery (Mantjpactdbb) Control Order, 1949. 

In view of the imperative necessity to maximize sugar produc- 
tion and in order to prohibit the diversion of sugarcane for the 
manufacture of jaggery, the Government promulgated the Madras 
Jaggery (Manufacture) Control Order, 1949, banning the manu- 
facture of jaggery except under a permit. Power has also been 
taken to apply the provisions of the Order to the whole or any 
portion of the State by a notification by the Government. 

Cane Jaggery (Movement) Control Order. 

The Government have issued the Madras Cane Jaggery 
(Movement) Control Order, 1950, which forbids the transport of 
cane jaggery from any place in Madras State to any place outside 
it by rail, except under a general or a special permit issued by 
the Commissioner of Civil Supplies. This order was passed to 
control the price of jaggery in factory areas with a view to 
encourage supply of cane to sugar factories. 

Madras Sugar Factories Control Act, 1949. 

Under this Act, tlie Director of Agriculture is the Cane Com- 
missioner and Chairman, and the Sugarcane Specialist is the 
Secretary of the Advisory Committee in which the sugar factoriee, 
sugarcane growers, jaggery merchants and consumers are repre- 
sented. Cane Inspectors are appointed for enforcing the provisions 
of the Act. Under this Act, sugarcane areas are declared reserved 
for the factories. From the ‘ reserved ’ areas, cane should not be 
transported for sale to another factory. Canes are to be offered 
By ryots on the basis of prior agreement in writing with the 
fikctiay. The minimum price for cane is fixed by ^vemment. 
The Weighbridges, weights and the records are periodTcally 
inspected by Cane Inspectors. Cess on cane purchaeed by the fac- 
tories is levied at Be. 1 per ton and the amount so collected is 
intended to be spent on Besearcb and Development of cane in the 
Stete. 
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The Indian Central Sugarcane Committee. 

Formation, functions and funds . — ^This Committee web ineuga. 
rated on the 29th November 1944, by the Government of India. 
The Committee was fully represented by various interests of 
sugar industry, viz., the growers. It is well recognized that 
representation of all interests is essential for the achievement of a 
co-ordinated policy. Originally the Committee had 46 members 
in all on its roll, of whom sixteen were ex-of&cio members, includ- 
ing the ex-ofiBcio President, and nine representatives were nomi- 
nated by Indian Sugar Mills’ Association. There were three 
nominees of the Sugar Trade, one of the Sugar Factory-owners, 
four representatives of the Gur and Khandsari, three of the con- 
sumers, one nominee of the Sugar-Technologists’ Association. 
There were eight non-ofScials, representing agricultural interests, 
Dominated respectively by the Governor-General-in-Council and 
the Government of Madras, Bombay, Bihar, Uttar Pradesh and 
the Punjab. To this number of members the Sugar Controller for 
India and one representative of the Industries and Civil Supplies 
llepartment of the Government of India were subsequmtly 
nominated by the Govemor-General-in-Council. 

Prior to the formation of the Indian Central Sugarcane Com- 
mittee, the responsibility for guiding sugarcane research in India 
and for advising the Central State Governments on matters relat- 
ing to improvement and development of the industry connected 
with sugarcane and its products, rested mainly with the Sugar 
Committee, appointed by the Indian Council of Agricultural 
Besearch, and partly with the Indian Institute of Sugar Techno- 
logy. Cawnpore, which was under the control of the Government 
of India. ^ 

The proceeds of the Sugar Excise Fund, to which funds are 
credited at the rate of one anna per cwt. of white sugar produced 
in India, out of the Excise Duty levied thereon, were utilized for 
the maintenance of the Indian Institute of Sugar Technology 
and for sanctioning grants to the State Governments for expendi- 
ture in connex'on with schemes of sugarcane research and develop- 
ment. 

On the formation of the Indian Central Sugarcane Committee 
in November 1944, the responsibility for undertaking the improve- 
ment and development of sugarcane marketing and manufacture 
of sugar and sugarcane products in India, and all matters inci- 
dental thereto, were vested in the Committee. The main lines of 
work undertaken by the Indian Central Sugarcane Committee 
either under its direct control or through schemes by it, included : 

(1) the production, distribution and testing of improved 
varieties of sugarcane under different sets of sofl and climatic 
conditions; 

(3) the testing of improved oultoral, manurial and iirigitibt) 
Jtiictices; ' ' 



UBUOIBB OF THE DBPAETMENT OF AQRICTIMUBE, MADRAS 471 


(d) th« study of sugarcane diseases and pests, including the 
biological control of borers, etc. ; 

(4) the technological and economic research on sugar and 
its byproducts; 

(5) the manufacture of Khandsari sugar and gur, by 
improved methods ; 

(6) the grading and storage of white sugar, Khandsari sugar 
and gur; and 

(7) the improvement of crop forecasting and sugar 
statistics. 

During the year 1948-49 the Committee continued to main- 
tain the Indian Institute of Sugar Technology which serves as a 
teaching, as well as a research institution and which is also res- 
ponsible for the maintenance of Sugar Standards, preparation of 
the returns under the Sugar Production Buies, Sugar Trade 
Information Service and for taking up any other special work 
connected with sugar as and when required by Central or State 
Governments. 

The annual net receipt of the Government of India from the 
Sugar Excise duty amounts to over Eupees seven crores and the 

S 'ant of about 50 lakhs oat of this amount to the Indian 
entral Sugarcane Committee for the expansion of its activities 
was justified. The Committee is working at present on the basis 
of an annual grant of only rupees ten lakhs. The question of 
fhe necessity of increasing the grant to the Committee for pur- 
poses of research was examined by the Tariff Board of 1950, and 
we hope that as a result of their recommendations, the Govern- 
ment of India will restore their grant to the Committee at the 
rate of annas four per cwt. of excise duty on sugar, as it is essen- 
tial to undertake intensive research work for tackling the problems 
of sugarcane which are vital for the establishment of the industry 
in the country on sound hnes at an early date. 

State Sugarcane Committee . — In this Committee, non-officials 
representing sugar factories, sugarcane growers, and jaggery mer- 
chants and officials from the Agricultural. Co-operation and Indus- 
tries Departments are members. The Director of Agriculture is 
flie Chairman and the Sugarcane Specialist is the Secretary. The 
Committee usually meets twice a year to discuss matters of 
importance in cane cultivation. 

Special Sugarcane Suh-Committee . — On the recommendations 
at the State Sugarcane Committee a special Sub-Committee was 
appointed in 1960, to enquire and report on the technique of cane 
cultivation in the factory areas, to recommend improvements in 
the same and to draw up a plan for maximizing sugar production 
in the State. The Special Sub-Committee was constituted under 
the Chairmanship of Dr. T. S. Venkataraman with the Sugar- 
cane Specialist as Secretary. This Special Bub-Committee toured 
all the factory areae of this State and the salient features from 
Ita raport are briefly mentioned below, 
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The cost of cultivation of sugarcane could be ultimately 
lowered at least to the level of sub-tropical belt in India. The 
future industry should be located in areas considered suitable for 
sugarcane and the licensing should be so issued as to avoid mutual 
competition due to nearness. The opinion that 800 tons factory 
is the lowest economic unit may not be applicable to this State 
and round about 450 tons may be the lowerst limit for joint 
stock companies and as low as 75 tons for co-operative units. The 
relationship between the grower and the manufacturer should be 
brought together and the Committee recommended provision of 
amenities to cane growers, supply of sugar and by-products, 
expeditious release of cane carts and help in transport of can^. 
By co-operative and joint farming efforts, cane should be grown 
m large size blocks as is being done in Vuyyur. There is scope 
for considerable economy in the manure bill and the Cdromittee 
recommended growing of green manure crops and utilization of 
factory wastes. In regard to irrigation, it is essential to' locate 
the industry in the areas where water is available in plenty and 
at cheap rates. There is need to replace manual labour by bullock 
and mechanical power. Wrapping and propping as practised in 
South Visakhapatnam and Godavari districts put up yield by 10 
to 15 tons. Though there is justification for the continuance of 
the practice, there is immediate need to cheapen the cost of the 
operation by use of vertical posts more durable than bamboos or 
by trash twist methods. To cheapen transport, conditioning of 
feeder roads and organization of tractor trailer units were recom- 
mended. The Committee recognized the potentialities of the 
Sugarcane Liaison Farms in bringing together the interests of 
growers and the manufacturers. 

The following are the salient features in regard to action taken 
on the recommendations of the Special Sugarcane Committee 

Vuyyur . — Setts are usually superficially planted and drains 
are not provided. Such practices increase the tendency to lodge. 
The cane development staff did sustained propaganda and trench 
planting and provision of drains were demonstrated in 88 acres in 

1960- 61 season. Over 1,400 acres were propped by the cheap 
trash twist method of propping which costs only Ks. 20 per acre. 
Time and mode of application of maiuxre were defective and in 

1961- 52 season, the cane growers have switched over to early 
application of manure close to the clumps and covering the same 
by working implements. Consolidation of cane areas into large 
size blocks has been effected by the factory by encouraging r^is- 
tration of areas in such large blocks of over 160 acres. Trials 
with pig dung as starter for cane trash compost were discontinue 
by the factory, but experiments conducted at Anakapalle indicate 
that pig dung hastens d^omposition of cane trash and furthcar 
experiments are in progress. 

Samalkot . — The sugar factory is issuing cutting orders to 'flte 
fimit a cane grower can transport canes to the factory, blit swSi 
concessions are not availed of by sialall growers who cannot ttfTM 
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to hire out carts for transport of their canes. Under the delta 
conditioBs the soil is treacherous and as such the methods of 
cheapening propping by the adoption of trash twist and proppinjg 
is yet in the initial stages of test here. In the upland areas, this 
cheap method of propping is on the spread. Use of tops as plant- 
ing material in this area is limited by water-supply and the sprouts 
from top buds are reported to be less resistant to drought and the 
latter is under investigation. The factory is not restricting the 
issue of advances only to such growers who purchase manure 
mixtures. The breaches in the Yeleru river have been closed. 

Anakapalle and Etikoppaka . — To improve the contact 
between the factory at Thummapala and the growers, the factory 
has just organized a cane department and it is expected to 
strengthen this further. There is no development staff in this area, 
but the Beeearcb Station has been establishing contacts with the 
cane growers and advocated the use of tops as seed and use of 
implements for interculture and proper application of manure. 
The Co-operative Sugar Factory at Etikoppaka has expanded into 
a 600 tons factory which is now under erection. 

Bobbih and Seethanagaram . — Irrigation facilities were not 
increased in the tract. The newly erected sugar factory received 
supply of electricity. The factory has not installed an automatic 
weighbridge. Use of implements for interculture is becoming 
popular in this tract. 

Nellikuppam . — ^Drought continued in this area due to the 
failure of north-east monsoon. The factory preferred to sell out 
the press-mud by auction and did not arrange for effective 
distribution among the cane growers. The development staff has 
been popularising composting of cane trash and 290 pits were opened 
in 1950^1 season, and Rs. 1,061 were distributed as subsidy for 
composts. There is heavy loss in transport by rail due to 
pilferage in transport. Propping of canes by the cheaper method 
is increasingly popular and over 2,801 acres were propped this way 
in 1960-51. On the recommendation of the sub-committee, the 
factory authorities clean up canes, if necessary, at the cost of the 
cultivators. Co. 419 was re-introduced in the factory area for trial 
and was cultivated in 45 acres in 1951-52 and is proposed to be 
raised in about 300 acres in 1952-53. 

Kodai Road . — The cane growers here are comparatively new 
to cultivation of cane. In 720 acres tops were used as planting 
material. In 1796 acres implements were used for intercult'ure 
operations. Growing green manures is comparatively new to the 
tract. In 1959-61 Season, this was demonstrated in 14 acres and 
in 1961-52 it has spread to over 200 acres. 

Pugalur . — ^The Development Staff advocated and emphasised 
selection of seed material for planting, and reduction of seed rate. 
'I'he bridge across the Cauvery is expected to be opened in 1959 
and then the cane supply area will shrink, thus bringing about 
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. reduction in cost on transport of raw .mat^ials. The cane growwi 
have not learnt the benehts from green manure crops and utilUsation 
of trash and press-mud as manure. 

Hospet. — The use of tops as seed material is being encouraged 
in this area. Use of tra^ for composting is demonstrated to 
cane growers; who bum the same for easy disposal. By the 
enforcement of Pest Control Act,' incidence of smut was brought 
down to normal level and in 1951-62 season ratooning was per- 
mitted. The delay in the release of cane carts was considerably 
reduced by the regulation of issue of cutting orders. 

Varietal Sub-Committee. — On the recommendation of the 
Special Sugarcane Sub-Committee a Varietal Sub-Committee «va8 
constituted in 19i51, under the Chairmanship of Dr. T. S. Venkata- 
raman. The Sub-Committee toured the factor}' areas and in 
consultation with the cane growers, the factories and the Sugar- 
cane Development Staff, recommended the list of varieties suitable 
for cultivation and varieties to be withdrawm from cultivation. 

Conclusions with discussion on future. — Prom the foregoing it 
is evident that sugarcane cultivation and sugar industry made 
considerable progress during the past half a century. The general 
standard of cultivation has improved. The average outturn per 
acre has increased. Improved varieties are under cultivation. 
Better methods of manuring are being adopted. Labour saving 
methods in cultivation practices are becoming more and more 
popular. In spite of all these facts, the State still lags far behind 
the advanced sugarcane countries. The yields have not yet come 
io their standard and the cost of production is still high. There 
is still abundant scope for improvement in every direction. In 
regard to sugar production, India is said to have attained self- 
sufficiency, but the Industry is not yet stabilized nor is its financial 
structure sound. 

As. far as the State is concerned, much more financial aid can 
be given towards research on sugarcane, both agricultural iOid 
technological. A well laid out programme by experts for each 
State has to be followed till the targets are achieved. 

Research. — The research work donfe so far on sugarcane can be 
said to have just touched the fringe of the problem. Fundamental 
dala on important items of sugarcane cultivation are not yet avail- 
able. Correlation studies between weather conditions and growrth, 
maturity and incidence of pests and diseases ' in sugarcane for 
different localities is worth studying as a long range problem. Soil 
surveys of important sugarcane tracts is badly wanting and the 
data may be useful for fixing manurial doses. Much work has yef 
tq be done towards the protection of the crop from common pests 
gjid diseases. Improvement in jaggery making has yet to'H 
jUB^rimented in detail to suggest praoticable methods under niraile 
ecniditionf. Though early and ma^iring varjetiep Areayunnhie 
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iheir caltivation is still restricted, as the factories are cot able .to 
pay sufficient premia for them to cover the loss in tonnage. As 
such, the factories are not able to extend the crushing season 
substantially due to financial limitatione. Such problems have to 
be examined and if necessary, subsidies have to be granted to 
encojurage the cultivation of early and late varieties. There are at 
present only two research stations at Anakapalle and Gudiyattam. 
concentrating work on sugarcane. Some more stations for other 
localities like Chittoor and Krishna may be necessary. In othe:' 
localities the existing Besearch Stations, viz., Samalkota, Maruteni, 
Aduthurai, Palur, Siruguppa, Taliparamba, etc., can also be 
entrusted with sugarcane improvement work required for the 
respective tracts. 

In regard to the breeding aspect, possibilities have to be explored 
to evolve varieties with more sugar, which give higher tonnage, 
which can resist pests and diseases and which are non-lodging. 

Eirtension work . — The yield trials in the Research Stations 
have definitely proved that it is possible to obtain fairly good 
tonnage of about 60 to 80 tons and over per acre. If in every iiact 
every grower is made to cultivate under similar lines, it is pos.sible 
to raise the average yield by 60 per cent more at least. All 
possible efforts should be diverted towards this achievement. Even 
with the existing area under cane, more sugar factories can be 
established on sound basis. The capacity in the existing small 
factories can be enhanced to the economic standard of 800 tons. 

Above all, more propaganda is essential to introduce the 
improvements rapidly, and for this purpose special staff in sugar- 
cane areas for this specific purpose may prove useful. 

Sugar industry. — On the industrial side there is still ample 
scope for improvement. The purchase of cane based on sucrose 
content’ is beneficial both to the factory and the cultivators in 
which case the latter will be compelled to pay attention towards 
the quality of cane also. But this is not practicable as innumerable 
small growers supply canes to the factories, dagger}' making a.s a 
cottage industry from palmyrah and date juices should be encouraged 
and these jaggeries can be refined in sugar factories in the off- 
season. Profitable utilization of molasses for the manufacture of 
alcohol, yeast, etc., will be advantageous for the factories. Much 
can be done in all these directions and there is great scope in India 
and particularly in Madras State for substantial improvement in 
sugarcane cultivation and there is every possibility to expand the 
sugar industry and sugar output to make this State one of the 
main exporting centres of the world in regard to sugar. 



476 KBUOIRS OF THE DBFABTMBNT OF AOSICtJIAnmE, MAHEtAB 


STAtBKjiiiT I . — SkUement ehoudngthe acreage under improved 
varieties of eugarcane in 1947-48. 


Distrleti. 


ImMOval 

Varlflties. 

Local 

varieties. 

Total. 



A08« 

Acm. 

AOS. 

1 Korth ViBakhapatnam 

e e 

10,471 

. • 

10.471 

2 South Visakhapatnaiu , 

• . 

11,510 

3,476 

14.0S6 

3 East Godadari . . 

« • 

13,196 

1,896 

15,092 

4 West Godavari . . 

• a 

»,000 

207 

9,207 

5 Krisbua •• 

• • 

4,082 

• . 

4,082 

6 Guutur 

• • 

• • 

183 

183 

7 Kumool «• 

. . 

300 

650 

950 

8 Bellary . . 

• • 

18.4S0 

296 

12,748 

9 Anantapor • • 

• • 

7,000 

782 

7,782 

10 Cuddapah •« 

. • 

1,400 

50 

1,500 

11 Nellore .• •• 

• • 

• 0 

• • 

• • 

12 Chingleput 

• • 

•o • 


« • 

12 South Aroot •• «• 

« • 

21.750 

10,000 

31,750 

14 Ohittoor 

• • 

22,000 

1,100 

23,100 

15 Korth Arcot • » 

. . 

33,200 

1436 

34,735 

10 Salem •• •* •• 

• • 

16,574 

200 

16,774 

17 Coimbatore 

• . 

9,258 

• , 

9,258 

18 Tiruchirappalli 

• • 

23,780 

225 

23,005 

19 Taujore 

• • 

1,534 

2,262 

3,796 

20 Madurm •• 

• • 

8,900 

400 

9,300 

21 Bamauathapuram 

• • 

250 

• • 

250 

23 Tirunelveli •• «• 

• • 

85 

658 

743 

23 Bfalabar •• .. 

• • 

190 

• a 

190 

24 South Kanara .. 

•• 

5,150 

• a 

5,150 

iS The Bilgiris 

• • 

• • 

• e 

e a 

Total for the State 

«-• 

2)1,130 

23,920 

236,050 
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Statement IT . — Statement showing average yidd of sugarcane 
per acre for each district (1913-44). 



Kame of 

Average yield 

Name of thi diitrict. 

dominant 

variety. 


per aere 
in tons. 

Visakhapatinam 

Co. 419 


25 to 30 

Eaat Qodavari 

Co. 419 


40 

West GodaTari 

Co. 419 


35 


Purple Mauritius 


28 

Krishna 

Co. 419 


35 

Bellary 

Co. 419 


28 

Anantapur 

Co. 419 


34 

Chittoor 

Co. 419 


36 


J. 247 


25 


Striped Mauritius . . 

28 

Chingleput 

Co. 419 


32 

Salem 

Co. 419 

. . 

40 

South Aroot 

Co. 281, POJ. 2878 
and Co. 349. 

23 

North Aroot 

Co. 419, Co. 
Co. 281, J. 
and POJ. 2878 

421, 

247 

t. 

28 

Tanjore 

Co. 281 


30 

Tiruohirappalli 

Co. 281, Co. 
Co. 353 and 
258. 

419, 

Co. 

38 

Ramanathe^uram 

Co. 419 


24 

Madurai 

Co. 419 

. . 

35 

Ooimbatore • « 

Co. 419, Co. 421 
Co. 418. 

and 

34 

Timnelven 

. . Red Mauritius 

• • 

25 

Malabar • • • « • « 

. . Co. 408, Oo, 

Co. 419 cmd 
421. 

417, 

21 

South Kanara 

.. Co. 419, Fiji B and 

Rod Mauritinsa 

22 
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Area under sugarcane in ihe dijferent districts of Madras State, 
with average yields during 1049-^0. 


Name of Ihe district. 

Area in 
aeres. 

Average 
yield of 
oa&eln 
tons per 
acre. 

1 Srikakulam 

10,350 

27*41 

2 Visakhapatnam 

25,570 

25*96 

3 East Godavari 

14,000 

28*58 

4 West Godavari 

6,600 

25*18 

6 Krishna 

4.700 

29*01 

6 Guntur 

160 

29*38 

7 Kurnool . . 

140 

19*14 

8 Bellary 

8,U0 

S8'70 

9 Anantapur 

6,120 

21*21 

10 Cuddi^ah 

380 

25*45 

11 Nellore 

20 

20*00 

12 Chingleput 

170 

24-63 

13 South Arcot 

18,320 

27-14 

14 Chittoor 

13,060 

20-92 

16 North Arcot 

12,460 

20-10 

16 Salem 

9,070 

23-76 

17 Coimbatore 

15,460 

27-14 

18 Tiruchirappalli 

14,210 

20-87 

19 Tanjoie 

1,110 

24-^ 

20 Madurai 

6,000 

26-29 

21 Ramanathapuram 

1,000 

18-18 

22 Tirtmelveli 

200 

24-66 

23 Malabar 

220 

24-73 

24 South Kanara . . 

6,010 

26-4« 

S5 Tbe NilgiriB 

10 

• • 

Total for 8Mo . . 

18M80 




CHAPTER 11. 

COTTON. 

bBp<fftanee, nnes of produetion, cultivation and factors affectii^ 
— History of varietal introduction and early trials — ^Evolution of 
stntins — Cambodia cotton — Barbadense cottons — Perennial cotton — 
Nadam cotton— Karunganni, Coeanadas—Mungari— Westerns, 

Agronomic trials, on season, spacing, seed rate, irr^ation, manuring 
and soil culture — Rotation— Sorghum effect— Mixed cropping— 
fundamental resench, development studies— Genetics— Fibre tech- 
nology— Harvesting and yields— Ginning and ston^e— Seed multipli- 
mMon and distribution, the several schemes— The Cotton Committees, 
Central and State— Legislation— Pests and Diseases Act— Cotton 
Transport Act— The Ginning and Processing Factories Act— The Com- 
mereitd Crops Act— The Madras Cotton Control Act — Cotton Price 
Control— Cotton Trade Census Act- Possibilities of future extension 
of area, short and long-term proposals — List of strains in Madras 
with characteristics. 


Production and Importance. 

The colton crop occupies a premier place in the agricultural 
and industrial economy of the Madras State. Today Madras has 
a well established textile industry equipped with sixteen lakh 
spindles and a production capacity of two hundred and twenty-five 
million pounds of yarn, and one hundred to one hundred and twenty- 
five million yards of cloth every year. All the raw cotton needed 
by the mills is being met from local growths supplemented by 
extra-provincial growths and foreign imports. Further, the entire 
production of cotton seed after meeting the requirements for plant- 
ing puiposes is utilized as stock feed for the twenty-two million 
lieads of cattle in the State. • Madras accounts for roughly twelve 
pM* cent of the total area under cotton in the Indian Union and 
contributes about fourteen per cent to its total production. The 
estimated annual acreage and production of the different Indian 
States are furnished in Statement 1, appended. 

The estimates for normal area and production for Madras stood 
at 34 lakhs acres, 6-6 lakhs bales of lint and 2 lakhs tons of cotton 
s^ed in ■ja^war years, while the post-war figures have been fluctu- 
atihg romid about sixteen lakhs acres, 3-6 lakhs bales and 1‘2 lakhs 
tons 6f cotton seeds. An analysis of the area estimates for the 
past thirty years 'shows a downward trend after 1937—38, the 
extent of fsil being 8*76 lakhs acres or ronghly 30 per cent in 
1 : 948 ^. 
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Ana undtr toUon in Madma (000’« cwrw). 


Years. 

Irrigated. 

Uniirigated. 

Total. 

1918 to 1923 .. 

100 

2,340 

2,600 

1923 to 1928 . . . 

220 

2,466 

2,085 

1928 to 1933 . . 

196 

2,031 

2,227 

1937 to 1938 . . 

274 

2,157 

2,481 

1942 to 1943 . . . . 

258 

1,999 

2,267 

1947 to 1948 . . 

209 

1,610 

1,719 

1948 to 1949 . . 

162 

1,894 

1,656 


The chief causes of such a decline since 1937-^ are traceable- 
to the State control on cotton prices which were fixed at low levels 
and differentials to the voluntary switch-over to other cash crops 
like groundnuts in rain-growh regions, to the diversion on account 
of special concessions offered in the Grow More Food Campaign 
to food crops like rice and millets and to the legislative restrictiotif 
imposed on the cultivation of cotton* 

The commercial crop of Madras comprises of the indigenou? 
and exotic varieties of the cultivated species botanically classified 
under the genus Gossypium (Linn.). Cambodia, an exotic variety 
belonging to the botanical race of Gossypium hirsutum is the long 
and superior medium staple component popularly known as the 
American cotton in trade, while the medium and short stapled desi 
consist of nine distinct varieties of the indigenous races of Gossypium 
arboreum and Gossypium herbaceum, the latter occupying a 
secondary place in production. The estimated acreage and pro 
duction for the year 1948-49 classified by varieties and staple 
length are given in Statement 2 appended. 

After the division of India, Madras, Mysore, the Punjab and 
Uttar Pradesh are the only zones where American cotton of goqd 
quality equivalent to Pakistan styles can be produced in bulk. To 
make good and the deficit arising out of partition of the country. 
Madras naturally is called upon to play a vital role in r^ard to 
achievement of self-sufficiency not only with regard to her needi 
but also to increase the output of the longer staple denominationa. 

A plan drawn up for the production of raw cotton in Madra.- 
took into account the population statistics, consumption figures 
expanding spindlage and export trade, and placed the post-war 
needs of the State at 4‘25 lakhs bales in each of American and desi 
cottons. Madras will, therefore, have to double her total produc 
tion, increase output of quality Amei^can by three lakh bales and 
convert all short-staple into medium quality cottons, if State adf- 
sufficiency with regard to quality and quantity is to be achieved 
Concerted efforts towards formulation of ways and means feu* 
achieving this end highlight the tempo of co{ton research in this 
State, ‘ 




Phut 74. — CoUon map of Madrai. 
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The influence of climate, soil and irrigation on crop 

PERFORMANCE AND CULTIVATION PRACTICES. 

Cotton is essentially a tropical crop thriving best under hot and 
humid climates. It is cultivated in a variety of soils and climatic 
zones in this State and on account of large variations m soil, rain- 
fall, and irrigation facihties, ten distinct ecological tracts can be 
distinguished. The cultivation of Cambodia is restricted to red 
and reddish loams of the central and bcuthern districts receiving 
an annual precipitation of 20 inches to 40 inches. This variety 
will admit of division into two major groups based on seasons of 
planting. The cold weather crop planted in September-October 
comprises of both .irrigated and unirrigated Cambodia while the 
summer crop is grown entirely under irrigation hetw^een the months 
of March and September in the districts of Eamanathapuram, 
Madurai, Tirunelveli and South Arcot. The bulk of unirrigated 
Cambodia sown during the month of December in South Arcot 
may be grouped under the latter category since the harvest months 
coincide with that of irrigated summer crop. The crop matures 
roughly in six to seven months with about 30 acre inches of 
water. Normal yields of 250 to 300 pounds of lint per acre are 
registered for the irrigated area while the ramfed crop gives about 
1(W to 125 pound's of lint. 

The entire stretch of the black soil area from Tiruchirappalli to 
Tirunelveli will represent the ‘ TirDties ' cotton tract where 
‘ Karunganni ’ is grown. It receives an annual rainfall of about 
26 to 40 inches and the sowings are usually done in October- 
November with the break of the north-east monsoon. Except for 
a very small irrigated area in Madurai and Coimbatore districts, 
the crop is entirely rainfed. The haivests are completed by April 
and lint yields of 100 pounds per acre are usually obtained. 

‘ Uppam ’ is essentially a black soil variety whose acreage of late 
is dwindling and which is favoured in certain wrell defined portions 
of the * Tinnies * tract more as a component for mixture than as 
a pure crop. The main advantage of the mixture lay not in 
increased seed cotton yields but in reducing the fluctuations arising 
out of unfavourable seasons through the presence of a large pro- 
portion of natural hybrids found in such mixtures. The pure crop 
of Uppam is capable of yielding about 65 pounds of lint per acre 
in normal seasons. 

* Nadam ’ and * Bourbon ’ varieties found on the poor and 
gravelly soils in Coimbatore and Salem districts and form the 
principal components of the perennial cottons in Madras. They 
are usually kept on the ground for three to five seasons and give 
30 pounds of lint per acre per season on an average. ‘ Westerns 
group covers the arid black soil region in the districts of Bellary, 
Anantapur., Cuddapah and Pattikonda. taluk of Kurnool district, 
where the annual rainfall is about 20 inches. The soils are mostly 
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black clay loams known as ' regada ’ or ‘ regur \ The sowings 
are done in the late ‘ htngari ’ season during the months of August- 
September and the harvests usually qpmpieted by April, average 
about 50 pounds lint per acre. This is the only area growing pure 
herbaceum variety in the State. 

‘ Mungari ' is yet another well •defined category limited in 
i^read to the red and mixed black soils of the Ceded disti'icts. 
This is an early season crop as the name ‘ mungari ’ signifies and 
is planted in June-July on receipt of South-West Monsoon rams. 
It comes to harvest in December-January and yields about 66 
pounds lint per acre. 

‘ Northerns ’ tract signifies the rainfed black soil area of 
Kumool district not invaded by either ‘ Westerns ’ or ‘ Cocanada ’ 
groups. The same seasons of planting and harvests found in the 
‘ Westerns ’ tract prevail in this zone also. Definite coloured 
pockets occur in this area. The normal yields are low at 50 pounds 
lint per acre arid are due to a low ginning outturn of 26 per cent. 

‘ Cocanadas ’ is the trade name of the rainfed desi cotton culti- 
vated in the long stretch of country from Nallamalai hills in 
Kumool district to the southern limits of Visakhapatnam district. 
A coloured variety which yields normally 75 pounds of lint per 
acre is sown in this region during July-September and harvesteo 
from January to March. A white variety of minor importance is 
‘ Chinnapathi ' whose cultivation is restricted to Visakhapatnam 
district barring Narasapatam taluk. It is planted in July during 
tholakari season or in December as huradapalhi cotton and har- 
vested in December and May, respectively. The normal yield is 
at 50 pounds 'lint per acre. 


Vabiet.\l inthodcctionb and tbiaxs. 

The cultivation of exotic Cambodia in Madras is comparatively 
recent in origin while the indigenous desi varieties have been raised 
from time immemorial. The initiation and expansion of cotton 
research by the Madras Agricultural Department is contempora- 
neous with the successful introduction and acclimatization of 
American cotton. The earliest historical record pertaining to 
introduction of American cotton in Madras dates as far back as 
the year 1790, when Dr. Anderson distributed seeds from Mauritius. 
The surviving relic of this attempt is ' Bourbon ’ cotton now found 
mixed with perennial ‘ nadam ’ in parts of Coimbatore district. 
During the years 1800-1819, the East India Company tried exotic 
varieties in their farms but failed to establish any. Further 
enterprising efforts of the Company during 1845-1858 also did not 
yield useful results. 




CAMBODIA COTTON IN MADRAS 

G. ARftOREUN IS THE NATIVE OF IHMA. 
D/ICCA NU5Un5 WERE NAPE FROM IT. 

Trial of anerican cottonp bv east 
INPIA COMPANY. THE SURVIVINO RELIC5 
ARE DHARWAR AMERICAN AND BOURBON 
VARIETIES. 

Trial of BfiRBmm, mmsun bud 

HmUWM VARIETIES ON THECOVIKNMENT 
rARM SAlu/tPET ENDS IN FAILURE. 

Exotic anericah from CitMBcmiA m 

INDO CHINA TRIED BV STfEf E UNDER 
IRRICATION RESPONDS WELL AT V KUJJt'.iTT. 

EX ; I mm or cult: v/:T.o.i to Coimbatore, 

$ALEM, MADURA AND TRICHIHOPOLV DISTRICTS. 
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■ In the Saidapet College Farm, the New Orleans, Sea Island, 
Upland American and Brazilian varieties were tried during the 
years 1878-1890. But all of them failed due to insect damage by 
jassids (Empoasca Spp.) In 1905 the trial of American, Peruvian, 
Egyptian, Sea Island and Caravonica cottons in the Government 
farms of the Agricultural Department at Hagari, Attur, Tali- 
paramba and Kovilpatti did not result in any success. During 
1906, Cambodia cotton kapas was found as a mixture in bales 
of lint imported at Pondicherry. It was first brought to Tiruxrel- 
veli by one Mr. Benson who obtained the seeds from the President 
of the Chamber of Commerce, Pondicherry. This cotton takes its 
name after the place Cambodia in Indo-China from where it was 
originally obtained. The first trial as an unirrigated crop on the 
black soils proved a failure but in the succeeding year its high 
potentialities for yield under irrigation was discovered by 
Mr. Steel of Harvey and Company, Virudunagar. All the 
indigenous cottons cultivated during that period were rainfed The 
successful trial of Cambodia at Virudunagar under irrigation 
stimulated the ryots to take to its cultivation with a certain 
measure of avidity. The variety came to stay as an outstanding 
example of successful introduction and acclimatization of American 
cotton in South India since the subsequent extension of acreage 
was rather spontaneous and reached the figure of 305.000 acres in 
1920 with the assistance rendered bv the Agricultural Department. 
Complaints were heard about the deterioration of this cotton in the 
meantime and an All-India Cotton Committee (1917-1919) consti- 
tuted under the chairmanship of Mr. Mackenna recommended the 
appointment of a wholetime Cotton Specialist to take up improve- 
ment work on Cambodia cotton and also render technical advice to 
the regional Deputv Directors of .\griculture who were dealing with 
the indigenous cottons in the different research stations. Breeding 
material was secured from Cochin-China and work was commenced 
in 1919. A wholetinie Cotton Sneciali.st was appointed in 1020 
and a Cotton Breeding Station at Coimbatore was established The 
progress of research at this centre and at the different regional 
research stations are summarised elsewhere. 

The introduction and trial of the Sea Island cottons were also 
done somewhat on similar lines. The historv of efforts made by 
several institutions and agents to acclimatize the harhadense group 
of cotton in various parts of India is a picture of total failure and 
of negative value except in Mysore, where Eg^qitian varietie.s are 
reported lo grow successfully under irrigated and well manured 
condition in small experimental plots. The earliest attemnt in 
Madras refers to the unsnccesshil trial of Sea Island cotton obtained 
from Georgia in 1831 as a raingrown crop in the districts of 
Cnddapah, Guntur, South Arcot, Salem and Coimbatore. Subse- 
quent experiments conducted under the aegis of the Madras 
Agrieutforal Departmenfr at Attur and Saidapet farms were given 
up as pnfruitful. Interest in this cotton was again revived in 
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1930 when exploratory trials •were conducted at the Agricultural 
Besearch Stations in Malabar and South Kanara districts with Sea 
Island and Egyptian varieties as rain-grown crop. The perfor- 
mance was generally poor. ‘ Ashmouni an Egyptian variety 
recorded the maximum yield of 75 pounds of seed cotton pe." ac^. 
-All varieties failed to withstand the rigours of summer aud the 
damage by boll-worm {Platyedra gossypiella) was noticed to be 
considerable. During this period, a gentleman farmer secured 
seeds of Montserrat and St. Vincent varieties through the good 
offices of the Secretary, Indian Central Cotton Committee and the 
Cotton Specialist, Coimbatore. The area did not extend beyond 
the confines of his homestead. The question of cotton cultivation 
m South Kanara was re-opened in the year 1947. The inspection 
jf the standing crop in the bungalow compound of the gentleman 
farmer at Udipi, disclosed that the growth, yield, opening of bolls, 
and quality of harvest were satisfactory. The variety could stand 
pruning and retention for over seven years and could tolerate shade 
without any attendant ill effects. Exploratory trials were therefore 
planned in 1948 and incorporated in the scheme of experiments on 
Sea Island cotton in West Coast financed by the Indian Central 
Cotton Committee, since 1949. Experiments are under wav to 
utilize the triennial fallows on two lakh acres of modan lands in 
Malabar, to intercrop four lakh acres of coconuts in Malabar and 
South Canara, and to crop 65,000 acres of Kumeri lands in South 
Kanara, with cotton. 

The introduction and trial of Cambodia cotton in the 
deltaic areas of Tanjore, Krishna and Godavari, with a •view to fit 
in the same as an off-seasonal crop in rice fallows mark new 
attempts at cotton expansion Experiments on cotton growing 
at the Affricultural Besearch Station, Maniteru, were conducted 
for the first time in 1939-31. The results gave indications c.f the 
possibility of erowing Cambodia in the hea'w delta soils of the 
Godavari and Krishna districts as a second crop after rice and after 
a punasa or early crop in the high level irrigable lands bordering 
the delta and in the lanka soils, in rotation with chillies, tobacco, 
etc. Yields averaged 600 pounds of seed cotton per acre. A 
summary of the earlier trials at the Agricultural Besearch Station, 
Aduthnrai, in Taniore delta during 1934-39 showed that <v»tt*m 
could be fitted in the single crop rice lands without affecting Ihe 
yield of succeeding rice. , The cron planted in Jannary-Febniary 
gave good quality cotton up to 500 pounds seed cotton per ^cre by 
end of September. Tr#ls have been under wav since 1948 in Ibe 
Agricultural Besearch Stations at Adbthurai and Pattukkottai and 
in ryots’ holdings in the Tanjore delta to develop a. variety 'witfc 
a five-month duration so as to suit both single and double crop 
wet lands. The preliminary data are very encouraging and pronn'iw 
to yield types capable of completing harvests by end of June aud 
of recording over \,000 lb. of seed cotton per acre. 
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Trials of perennial types belonging to Gossypium kirsutiim and 
Gossypium barhadense from South America at the Cotton Breeding 
station indicated the suitability of A/oeo and Quebradinho for home- 
stead and backyard cultivation. The seeds were distributed for 
extensive trials in all the Agricultural Research Stations as also to 
enterprising gentlemen farmers throughout the State. Reports about 
performance are very encouraging from all over the State. Moco 
is reported to be doing extremely well on cultivable wastes in 
North Malabar. It has a great future for cultivation in backyards, 
canal bunds and waste lands and intercropping coconut, pepper, 
arecanut and fruit gardens. 

Waves of collection of hirsiitums from America, Russia and 
Africa and barbadenfie from Egypt and West Indies have bean 
made from time to time ever since hybridization experiments were 
taken up by the cotton researchers in the early thirties. Almost 
the entire range of cultivated ecotypes in the four spec.ies 
G hirsutum, G. barhadense , G. arhoreum, and G. herhacenm and 
many of the wild species of the genus are maintained at the 
Cotton Breeding Station, Coimbatore. A regular study of crop 
systematics has been in progress and based on the extensive know- 
ledge gained thereon planned hybridization is being carried out. 

Evolution of Strains. 

The major portion of cotton improvement work in Madras falls 
under this head. The cotton industry of the State suffered from 
three main defects, viz., low acre yields, ]X)or quality and high cost 
of production compared to other major cotton growing countries. 
The cultivation was sought to be rendered more remunerative 
through evolution of races which would in a very^ large measure off- 
set the disadvantages enumerated above. The basic policy in breed- 
ing has been quality improvement aiming at the conversion of short 
and medium-short indigenous tvpes to medium staple group of 
7/8 inches, and of exotic cottons to long staple forms exceeding 
fu’l one inch. Concurrent with this work, experiments to increase 
production in general are conducted to cover improvements in vield 
per acre, ginning outturn and minimising crop loss arising out of 
incidence of pests, diseases and adverse environment. The items 
of research pertain to all the nine differefit varieties of cotton grown 
in the several ecological zones of the State. Tlie pennanent Agri- 
cultural Research Stations or the temporary leased farms located 
in the respective cotton zones constitute the centres of research for 
dach tract. Breeding programmes and problems of agronomy per- 
taining to the specific needs of each tract receive attention at these 
research centres. The breeding methods adopted are on up-to-date 
lines governed by established genetic concepts involving the use of 
biometrv for the proper interpretation of the results. 

Cambodia cotton , — ^Pure line work on this variety was started 
at the Cotton Breeding Station, Coimbatore, in the year 1920 and 
the first fruits of selection were two strains, viz. , Co. 1 and Co, 3. 
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The latter proved to be a hardy, vigorous, productive and quality 
strain. It was also found suit^le for cultivation as an unirri- 
gated crop in red soils receiving adequate rains. Its release in 
1929 helped considerably the extension of cultivation to new tracts 
and added to the profits of the farmers both on account of increased 
yield per acre and better quality of lint. Its staple length of seven-" 
eighth inch was about the best available in Madras at that period 
and the variety formed the mainstay of the expanding mill industry 
of southern districts for spinning counts of 20’s and over. 

The taste of the consumers in the matter of manufactured 
textile goods was undergoing a steady change towards finer cloth 
and the varieties grown in India were unsuited for spinning 
counts of yam higher than 40’s. This meant that we should con- 
tinue to import either finer yarn and piece-goods or long staple raw 
•otton needed by the mills. Both these steps would adversely 
affect the monetary resources of the country and would reduce us 
to a state of dependency on foreign countries for regular supplies. 
It was therefore thought imperative that Madras should look ^ead 
and concentrate her efforts on the evolution of staple cotton 
equivalent to the foreign imports. 

A very large number of varieties from countries like America, 
Africa and Eussia was obtained, studied and crossed since the 
year .1932. Early success was obtained in crosses involving local 
strain, Cambodia 2 and South African varieties from Uganda. The 
hybrid strains 4463, Cambodia 3 and Cambodia 4 registered 
remarkable improvements in habit and quality. The growth 
period of Cambodia which was roughly seven months was brought 
down to six months, and the staple length was advanced by about 
J mch. These changes were reflected in the agronomy of the 
cotton tracts. The Coimbatore taluk which adhered to the inten- 
sive cropping of sorghum-cotton preferred to grow 4463 in place 
of Cambodia 2. The water stress, open soils and poor quality of 
cotton in Salem district improved under a switch over to the new 
early matunng strain Cambodia 3, both as irrigated and as a 
rainfed crop to the exclusion of other indigenous varieties. The 
release of Cambodia 4 marked a milestone in the progress of cotton 
improvement in Madras on account of its spread as an off-seasonal 
crop in tankfed rice lands of the southern districts in summer 
months. All the three new strains represented cottons, which 
could be classed equal to some of the imported styles and of these 
Cambodia 4 by virtue of the season of its errowth would fall under 
1-1/16 inch staple, like the bulk of the East African varieties. In 
addition to the crosses made between similar varieties, species 
hybrids using Sea Island and Egvptian Cottons were also 
attemnted. In slow stages two strains, viz., 7682 and 7733 were 
evolved but they lacked the requisite vigour and adaptability of the 
local farieties. 

A cotton picture of 1943 showed that the various improved 
strains recommended for cultivation in distinct ecological wasm 
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•njojed only limited' spread and popularity and came up to the 
staple length standards ranging trom ^8/32 to 31/32 inch with 
the exception ol' Cambodia 4 winch touched the 1-1/16 inch mark. 
Among the varieties, Cambodia 2 covered the largest area as 
irrigated and raingrown winter crop 4463 remained localized in 
the early sown portions of Coimoatore taluk; 920 found favour 
in Coimbatore district but suhered trom ‘ blackarm ’ disease in 
wet seasons, Cambodia 3 proved to be susceptible to angular leaf 
spot; and Cambodia 4 was very popular in the summer area but 
lacked the resistance to bacterial blight. Consequently a multi- 
plicity of varieties studded the area. 

In cotton, as in most commercial crops, the aim of the breeder 
should be the evolution of varieties suited to greater environmental 
diversity in order that the quality stipulations of the end product 
might conform to the limited range permitted in trade. Co. A/B 40 
(recently christened as Madras Uganda 1) was obtsi,ined as a 
reselection from parent stock of Cambodia 4. The performance of 
the substrain on a wide range of environmental conditions covering 
the whole of the red soil tract adopting different crop sequences 
and planting dates was studied in several regional trials. It could 
yield as much as the local varieties in seed cotton while the gin- 
ning outturn was same. It required one irrigation less and evaded 
drought by early maturity. It was tolerant to blackarm to which 
the existing strains, Cambodia 2, Cambodia 3, Cambodia 4 and 920 
were susceptible and its staple length was a definite improvement 
over Co. 2 and 9j}0 which occupied the bulk of the winter planted 
area. Being a cosmopolitan strain, the main advantage of the unifi- 
cation of the winter and summer areas would be the ease in .Tiain* 
taining purity and the production of large quantities of quality 
cotton. Madras Uganda 1 might therefore be classed as a new 
cosmopolitan strain having a consistent record in winter and 
summer as well as under irrigated and rainfed conditions. 

Hitherto the long staple work was confined to summer season, 
but the study of several new hybrids at Coimbatore showed that 
synthesis of staple lengths over 1-1/8 inch was possible in the cold 
weather crop also. Five hybrid derivatives 9,030 , 0311, 0744 , 9708 
and 019 were outstanding in all attributes. Ginning increase of 
two per cent equivalent to six jier cent of seed cotton yields, and 
record fibre length of 1-21 inches for winter Cambodia and American 
Upland in India have been registered. Regional trials, for testing 
some of these promising biotypes, are under way. 

Breeding work for long staple varieties especially over 1-1/16 
inch, is possible only at three places in the sub-continent, viz., 
Sind, Punjab and Madras. A limited amount of breeding was done 
in the summer season at Srivilliputtur in Ramanathapuram district 
under the auspices of the State Government prior to the sanction- 
ing of a scheme, by the Indian Central Cotton Committee, Which 
omnmenced to function in November 1946 at the Agricultural 
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Besearchi Station, Palur, in South Arcot district. The venue <rf 
trials has since been shifted to Srivilliputtur retaining Palur as a 
sub-station on account of defects noticed in flowers and seeds of the 
cotton crop. The objects of the scheme are the isolation of Up- 
land strains longer than 1-1/16 inch staple and capable of matur- 
ing in five and a half months and the evolution of barbaderut 
varieties equivalent to the average Egyptian Styles suitable for 
cultivation in the coastal belts oi South Arcot district. 

Acclimatization of long staple Upland varieties collected from 
all parts of the world was not helpful. As hybridization on a 
fairly intensive scale had already been started before the schema 
w'as put into operation, the material comprising of intervarietal 
and interspecific crosses in various generations, formed the nucleus 
for further breeding work. Among them three interspecific 
biotypes, viz., 7682, 7727 and 7783 constituted the best parents 
for the synthesis of staple length combinations. 7682 exceeded 
control Uganda 1 in jield trials and maintained superiority in 
staple length and spinning value. .It was earlier than Uganda 1 by 
ten days and' exceeded the 1-1/16 inch staple limit, set as the 
primary objective of the breeding scheme. It is therefore being 
employed as the new control in all small and large bulk trials 
conducted on the station and the cultivators’ lands. A general 
survey of the material handled in the inter-varietal long staple 
hirsutums indicated that reduction in crop life by about ten days, 
improvement in staple by 1/16 inch, increase to ginning by 2 per 
cent and an. yield of 400 pounds lint per acre were feasible items. 

Ceded districts are subjected to frequent visitations of famine 
on account of uncertain and uneven distribution of rains. The 
waters of Tungabhadra river are being harnessed for irrigating 
about a million acres in both Madras and Hyderabad, and irrigated 
cotton figures as a major crop for cultivation in the project. It is 
proposed to align the irrigated area on the basis of “ Kharif ” and 
“ rabi ” seasons and to allow water in regular turns of once a fort- 
night during four months, viz., June to September for “ kharif ” 
and October to January for “ rabi ” in each year. Varietal trials 
conducted with cotton on the Agncultural Research Station, Siru- 
guppa, since its inception in. 1937 on irrigated 'heavy black soil, 
showed, that the American varieties when sown as “ kharif ” crop 
was subjected to red-leaf, laler maturity and low yields. They could, 
however, be successfully cultivated as a “ rabi ” crop, if the plant- 
ing time was shifted to middle of August. A variety, Hyderabad 
American 11, proved to be the most consistent in yield and quality, 
The alteration of the sowing date to a period in “ kharif ” will lie 
a feasible proposition since more than two waterings will not be 
required till the end of September to supplement the normal rains. 
The problem is, therefore, one of breedihg a biotype which, When 
phinted in August-September with irrigation, nursed by rains till 
October and helped to maturity with fortnightly irrigations tiH (he 
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end of January, will prove to be a remunerative crop. Breeding 
work on the American cotton was, therefore, started in 1943 as part 
of a sdieme financed by the Indian Central Cotton Committee. The 
trials are now conducted at Siruguppa, Hagari and Nandyal so as 
to enlarge the scope of the work to distinct regions, viz., irrigated 
blade toil, unirrigated black soil subject to variable rainfall and 
unirrigated black soil characterized by early season and heavier 
rainfall respectively. Collections from India, Indo-China, Iraq, 
Persia, America, Africa and Russia were tried under irrigation 
at Siruguppa' and under unirrigated conditions at Hagari and 
Nandyal. Of the varieties tried Dharwar- American was the best 
from the point of response to black soil irrigation and resistance to 
drought under unirrigated conditions, while the Coimbatore types 
invariably maintained their staple length. The results of further 
breeding research carried out indicated that strain MA 2 was the 
best for early habit, yield and jassid-resistance and Surat back 
crosses were good for quality. All the varieties responded to re- 
selection and MA 2 and G 1 x Co. 2-5 imparted most of their good 
attributes to their hybrids. Five re-selections, viz., 83, 1908, 
1227-1, 1G35-4 and 1712 were superior to HA 11 in yield. Further 
work is in progress. An interesting, but nonetheless consistent, 
observation made on the irrigated cotton raised on the black soils 
of Siruguppa was that the lint maturity was very low and that in 
spite of such a drawback, strain HA 11 recorded spinning value of 
40’s warp. The same types when raised entirely as rain grown 
crop possessed higher maturity. 

In the trials with rain-grown American, the trends were in 
favour of types from Dharwar, Mysore and Surat. It was sought to 
find out whether it would be possible to select a cosmopolitan type 
having higher flexibility of response under varied soil and chmatic 
conditions. It was gratifying to note that the derivatives of MA 2 
and GI x CO. 2-5 which were found to be tlie best under irrigation 
were equally good for the unirrigated tract. The ideal of a common 
variety for the Ceded districts appear to be an eventual possibility. 
So the possibilities of replacing the desi types grown in this tract 
by a suitable variety of American cotton, on the analogy of other 
countries, like U.S.S.B., China and Persia are great. The success- 
ful cultivation of Dharwar-American cotton by farmers themselves 
in certain parts of the Ceded districts is a definite pointer to the 
soundness of the attempt. 

The area imder rain-grown American cotton in the State is 
more than half the total American. The defects noticed in them 
Me low cropping capacity, large fluctuations in yield, and poor 
rtaple and maturity. The objects of breeding are therefore 
improvanents in quality and yield by selection of a hardy biotypo 
capable of withstanding the rigours of climate in the southern regions 
inrtead of depending on the spread of winter varieties bred under 
irrigation at Coimbatore. A wide range of variable material 
was subjected to selection for the ability to withstand drought 

aac,41 



,498 liBlKOlKa OS' ma DSmTltBat Ot AattlOOlmiBa, IfAXAtA 


either by early maturing habit or through normal growth undor low- 
levela of soil moisture at reproductive phase. The best of them 
were X 82, G 1 x CO. 2, MA. 2, SB. 116 and SB. 91. The liinited 
work carried on at Coimbatore so. far has not been encouraging as 
the place is uusuited for such breeding trials. The work has been 
shifted to Periyakulam in Madurai district under a new ‘soheine 
sanctioned by the Indian Central Cotton Committee and put iaio 
efieot from 1950. 

There is immense scope for developing the rice regions of 
Tanjore and Godavari deltas by fitting in Cambodia cotton as an 
ofE-seasonal irrigated crop between two rice crops on single and 
even double-crop wet lands wherever supplementary irrigation 
from wells are feasible. The limiting factors in these regions are 
atmospheric temperature at flowering phase and rainy weather at 
hai-vest stages, 'i'he successful utilization of rice fallows therefore 
depends upon the evolution of short duration varieties having a 
total crop life of 170 days from planting to uprooting since the main 
factor is duration and not water. All areas where rice harvest is 
completed by the end of December or early in January may lend 
themselves for such cultivation. The problem was therefore taken 
up ill 1948 and tackled from the angle of varieties and planting 
dates. The croj) at the Agricultural Kesearch Station, Pattukottai 
was fair in growth and could be accelerated further in initial stages 
by planting on ridges and application of nitrogenous manures. 
Punjab, American and East African varieties were the earliest of 
the collections, souie of them recording as much as 1,000 pounds 
of seed cotton per acre before end of June. Exploratory trials with 
short duration ded cotton .similar to bvwdapathi of Visakhapatnam 
conducted in the year 10.50 as an niiirrigated off-seasonal crop in 
old and new delta, were not encouraging. 

A survey of quality improvement in Madras Cambodia reveals 
remarkable improvements in staple. The sorter lengths, maturity 
values and mean fibre weights registered substantial increases ov^ 
the existing strains, Pakistan varieties and East African styles. 
The mean value of 121 inches by Balls sorter is a new record for 
winter Camtodia in Madras and American Upland in India. Ths 
extent of improvement could be gauged from the spinning reports 
which placed suitability of some of the new derivatives at 68’s 
against 55’b of Cambodia 2. 

The Madras American strains under distribution are quite 
popular in the Cambodia tract. Cambodia 2 is sought after in tbs 
major portions of irrigated and unirrigated regions having been 
aided in its rapid progress by the seed distribution sdieme work- 
ing at Tiruppur. 4463 and 920 enjoy a limited amount of popularity ; 
ip, early sown portions of Coimbatore taluk, and Madras Ugand^i. I 
is fast replacing these varieties of late. Cambodia 3 has almost 
pbwed irrigated Cambodia 2 in Salem district and an ares of 
acres ig pstunated to be covered at fhe closure of the seed aol^KNI. 
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rutt for multiplication and distribution. Uganda 1 has practically 
ousted all other types from the summer planted area. The area 
of (|>read of all the improved Cambodia strains during tiie year 
1048-49 was 1-68 lakh acres covering 65 per cent of the total area 
under irrigated and rain-grown American in the State. The chief 
distinguish i n g features of the improved strains Cambodia 2, 
Gonibodia 3, and Uganda 1 are furnished in Statement 3 appended. 

G. barbadense cottons . — The Madras Long Staple Cotton 
Scheme financed by the Indian Central Cotton Committee, which 
started functioning- in 1946 has for its objects the evolution of 
barbadense varieties equivalent to the average Egyptian Style, 
suitable for cultivation in the coastal belts of South Arcot district, 
in addition to the isolation of long staple Upland strains for the 
summer area. Study of world collection of barbadense varieties 
from West Indies, Egypt, Anglo-Egyptian Sudan and South 
America at, the Agricultural Research Station, Palur, disclosed the 
following features. The types were slow to grow up to June and 
thereafter the growth-rate was rapid. The high humidity an 1 
intermittant rains of July were congenial for the development of 
blaokarm and the method of secondary infection through periodical 
sprays of bacterial inoculum, brought out the resistant group pro- 
minently, while all others suffered from severe leaf fall. Among 
^em, 1730, Bar 4/11 and Bar 4/lb from .Anglo-Egyptian Sudan 
proved to be highly resistant though shy in yield. The Egyptian 
varieties especially Giza 7, 12, 36 and Maraad were the best among 
the whole set in general bearing. The mean value of halo length 
for the barbadense varieties ranged from 30 to 33 m.m. The fibres 
were silky fine and strong. Possibly the barbadense varieties 
would do better if planted in .lugiist-September before the out- 
break of north-east monsoon since they require humid conditions 
during growth and cooler temperature at ripening phase. Planting 
trials are under way. 

West Indies and West Coast (Madras) are so similar in soil 
types, rainfall intensity and atmospheric humidity that it should be 
possible to fit in the Sea Island cotton, the main commercial crop 
in West Indies. Sea Island varieties like Montserrat and St. Vin- 
cent from West Indies, select barbadense strains from Egypt, 
acclimatised types like Udip\ .Almora and .synthetic hybrids like 
Kidney Sea Island cross were sown in May 1948 at Pattambi, 
Nileshwar and Mangalore. The Rea Island types especially 
Udipi made good growth and were in bearing by (Detober. They 
responded to ratooning and stood the shade under coconut trees. 
The quality of produce was as gcxid as Montserrat style with a 
mean staple of one and a half inches. Further work was initiated 
in 1949 as part of a scheme financed by the Indian Central Cotton 
Committee. "During the first year several varieties including 
St. Vincent, Montserrat and long staple Egj'ptians were tried in 
fwdan End i>ettu lands as pure crop and in coconut plantations as 
itttewwhp. The pure crop at Pattambi and Mangalore was more or 
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less a total failure despite good growth. The poor yields are attrir* 
butable entirely to the very severe attack of black-arm aggravated 
by the incessant downpour during an abnormal and early South*, 
west Monsoon. In contrast to these, the crop grown under the 
coconuts was well grown, profuse in flowering fairly productive 
and comparatively free from disease, bearing on an average 12 good 
bolls. The yields of seed cotton ranged from 1% to 360 pounds 
per acre in individual plots. The quality was better in all respects 
than the crop harvested in the open. Mean length of 1-60 to 
1‘66 inches was registered. Among the several varietieB tried, 
Sea Island types St. Vi'ncent and Montserrat were the best, while 
all other long staple Egyptians were poor. Single plant selections 
were therefore made in these two tj-pes for productivity in field 
and for high ginning in the laboratory. Further trials towards 
selection of types resistant to blackarm, comparison of fresh arrivals 
from abroad and study of interspecific and intervarietal hybrids 
between Sea Island and Egyptian cottons on the one ‘hand and 
Moco and Quebradinho, two perennial varieties, on the other, ate 
in progress. 

Perennial cotton — ^In order to supplement the short production 
of raw cotton required for both mills and hand spinning, the trials 
with perennial varieties belonging to G. hirsutum and G. barhadense 
were undertaken. The experiments were initiated with the objects 
of replacing the existing perennials like nadam, podupaihi and 
deo-hapas found in cultivation as isolated bushes and fitting in the 
best of them in house compounds, hedges, bunds along water 
course, waste lands and cashew fruit or coconut gardens. After 
preliminary trials at Coimbatore, five South American varieties 
were distributed in the year 1947 to the several 'Agricultural 
Research Stations all over the State covering a wide range of soil 
and climatic conditions. Of these, Moco and Quebradinho have 
done well. They exhibited periodicities in flowering, giving two 
harvests per year, stood pruning remarkably well and were least 
subject to pest damage. Moco has a staple length exceeding one 
inch and is fine. It will supply the long felt want of a fine variety 
for higher counts in hand spinning. Six new Brazilian types, 
Moco 1, Moco 2, Moco madeira branca, Cararrmra 2, Him de Boi 
and Verdao and two other Yunan types, viz., Kaiyuan and Wen- 
shan were added to the perennial collection in 1949. Some of these 
might suit the denuded forest lands which are located in unhealthy 
regions, where human and cattle labour is scarce and costly. Thiifl 
year ratoons have recorded as much as 4'6 lb. seed cotton per bush. 
Moco has stood submersion for a week in North Malabar and is 
putting on good growth on poor shallow soils of North Malabsr. 
It promises to prove a suitable waste laud cotton. 

Nadam unirrigated — On the poor light red soils of Coimbatore 
and Salem districts, a short and coarse linted variety nadam (Q. 
arhoreum race indicum) is being raised as a parennial crop fcsr four 
or five years. This practice is conducive to the uninterrupted 
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blreeding of the insect pests like cotton stem-weevil and boll 
worms. The damage done by these insects to American cottons 
grown in the neighbourhood, is sought to be controlled by the 
enforcement of the provisions of the Pest Act, which aims at the 
observance of a ' no cotton ’ period between two successive cotton 
crops. The existence of the perennial variety, however, in the 
Pest Act area defeats the objects. The object of breeding is there- 
fore the eventual elimination of perennial nadam cotton, which is 
inferior in quality, but resists stem-weevil, stands soil drought, and 
contains the least per cent of insect damaged kapas in the harvests. 
Earlier trials during the years 1938 to 1940 under the auspices of 
a scheme financed by the Indian Central Cotton Committee were 
aimed at its replacement by annuals. The trial of most of the 
annual types grown in Madras and other States showed them to be 
either too late in duration or too poor in productivity. All attempts 
to evolve annual types by hybridization did not yield useful bio- 
types. The response of nadam to pruning was not encouraging. 
The following conclusions were drawn from tlie exi)eriments. All 
annual forms sown in September-October recorded poor yields due 
to erratic distribution of rainfall and peculiar soil conditions. The 
variability in nadam was not sufficient for the isolation of pro- 
mising annual types. The progenies of crosses betw’een nadam and 
karunganni which were hopeful in the early generations did not 
maintain the desirable characters in the later generations. It 
might therefore be concluded that in the nadam zone, hazards of 
weather and ravages of insects would be against the introduction 
of annuals. The future of nadam cotton improvement w'ork 
requires a reorientation since the Lower Bhavani Project expected 
to be completed by 1952 will rope in most of the perennial area 
under irrigated Cambodia. 

Karunganni unirrigated. — The cotton grow’ers in ‘ Tinnies ' 
and ‘ Salems ' area usually raise a mixture of two distinct botani- 
cal types karunganni and uppam. It is commonly believed by them 
that in years of good rainfall, the karunganni component of the 
commercial mixture does well, while in years of scanty and ill- 
distributed rains uppam fares better. Such a practice brings down 
the intrinsic merits of karunganni. as wide variations exist in 
their fibre properties. It w’as not possible to discourage this 
practice in spite of propaganda and seed distribution done by the 
Agricultural Department. The evolution of an improved strain 
having a better adaptability and quality than the individual com- 
ponents of the mixture, was therefore considered as the only 
means of eliminating this variable mixture. The Madras Her- 
baceum Scheme financed by the Indian Central Cotton Committee, 
between the years 1923 and 1938, had for its objects the evolu- 
tion of strains for the ‘ Salems ’ area combining the hardinsos of 
strains of local uppam with the productivity and quality of 
karunganni. The results of investigations revealed the following 
essential features. Variability in uppam was very low and as 
such it was not likely to respond to selection. Eleven strains 
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isolated from uppam by pure line selection were inferior to 
ganni in all respects. The drought resistance claimed for uppam 
was not apparent in field studies. Its role was probably one of 
maintaining hybridity with karunganni at a fairly constant level 
ih order that the advantage of such hybrid mixtures in bulk could 
be exploited. Extra-provincial herbaceums were misfits at Coim- 
batore. Hybridization within arhoreums yielded seven strains 
excelling the standard karunganni in yield during good as well as 
scanty rainfall years. Out of the-se K 6 recorded a very consistent 
and uniformly good record of yield in all zones and centres in the 
desi cotton belt of the Cambodia tract. Its remarkable features 
are medium long staple of 7/8 inch, and capacity to jdeld on the 
high side under wet conditions in seedling stage and drought in 
growth period and to respond readily to the restricted irrigation 
practised in black soils of Palani and Udumalpet taluks. The 
unification of desi cotton area north of river Vaigai under one 
cosmopolitan strain is therefore an accomplished fact with the release 
of strain K 5. The seed distribution scheme working now at 
Palladam under the auspices of the Madras Cambodia 2 and 
Karunganni 5 combined seed multiplication and distribution 
scheme will eventually help in the conversion of the whole area 
into one of 30’s warp cotton. 

The new hybrids isolated from the Madras Herbaceum Scheme 
were further subjected to rigorous reselection and crossing to 
improve adaptability. Transgressive variations exceeding the 
parental values in staple length were obtained. Desi cottons were 
not so far noted to exceed 15/16 inch staple limit. Record lengths 
ranging from 1'5 inch to 109 inch by Balls’ sorter which would be 
equivalent to 1-1/16 inch in trade were achieved. The yield increase 
was not as spectacular as either staple or ginning outturn. Selec- 
tion was therefore confined to cultures possessing the agri- 
cultural adaptability of H 5 combined with other improvementa. 
The selections under test are eventually expected to raise the 
normal yield of karunganni in Coimbatore and Timchirappalli 
districts to 100 pounds lint per acre and change the quality from 
7/8 inch staple to full one inch. The spinning capacity will not 
however exceed 40’s warp since there is very little change in 
the fibre weight. 

Improvement work on * Tinnies cotton ’ was started at the 
Agricultural Research Station, Koilpatti, in the first decade df 
this century. Since acclimatization of outside cottons did not 
yield a suitable type for the area, mass selection was practi^ 
in the local karunganni and two types Company 2 and Com- 
pany 8 were released in 1914-16. They fetched a premium o£ 
Bs. 16 per 600 pounds lint over ' Tinnies ’ local. The improve- 
ment was not lasting and due to gradual deterioration, the typee 
fell out of the market. The next attempt at improvement wae 
made through single plant selections and two strains A 10 and C 7 
were isolated in 1920-21. Each had a preference for a partioidaf 
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tract and the maintenance of pnrity of both the strains was handi* 
csapped by this defect. Hence the need for a mure cosmopolitan 
strain suited to a wider range of environmental diversity arose. 
Strain K 1 was isolated by further reselection in C 7 and was 
distributed on a wide scale from 1934-35. It is an early, drought 
resistant strain with a mean staple of 13/16 to 7/8 inch and gin- 
ning outturn of 31 per cent. The yield levels of 100 to 125 pounds 
lint was a definite improvement over C 7. It was susceptible to 
wilt and shedding of buds and bolls during untimely rains in 
January-February and was unsuited for areas where uppam was 
grown. This strain spread to over three lakhs acres by 1946-47, out 
of a total area of about 6'25 lakhs acres, partly aided by the seed 
multiplication scheme run at Koilpatti. The attempts made to 
evolve a biotype free from the defects of bud and boll shedding 
did not yield useful results. Work on this fundamental aspect 
was carried out for three seasons from 1936 under the auspices 
of a scheme financed by the Indian Central Cotton Committee. 
Gradually, however, the quality of K 1 deteriorated in spinning 
performance. Beselection from the existing K 1 did not yield 
fruitful results. Further work was directed towards the evolu- 
tion of a cosmopolitan strain suited to both pm’e karunganni and 
mixed zones. As pure line work did not meet the needs of the 
tract, the hybrid derivatives obtained from the Madras Herba- 
oeum Scheme at Coimbatore were subjected to rigorous reselec- 
tion at Koilpatti. Strain K 2 isolated in 1939-40 was distributed to 
the cultivators in 1917-18 after e.xtensive trials. It is a cosmo- 
politan strain with a wider range of adaptability and is not subject to 
bud and boll shedding, a defect uotieed in K 1. It has a staple of 
7/8 to 15/16 inch and a ginning outturn of 32 per cent with a 
spinning capacity of 30’s warp. A scheme, for the multiplication 
and distribution of K 2 seeds has commenced working in 1949 
and the prospects of converting the entire ‘ Tinnies ’ area into 
one variety of 7/8 inch staple are bright. Further work on the 
improvement of staple length and ginning oultinn by karunganni 
Cflftton is under way as part of the scheme financed by the Indian 
Central Cotton Committee from 1949. 

The area under improved strains for the entire karunganni 
axea in 1948-49 was 2-36 laklis acres covering 48 per cent of the 
total area. The chief distinguishing features of improved daat 
varieties of the South are furnished in Statement 4 (A) appended. 

Ooeanadas unirrigated. — Cocanadas is the trade name of the 
variety of cotton grown in, the districts of Visakhapatnam, Goda- 
vari, Krishna, Guntur, Nellore and a part of the Kurnool district in 
the State. It is a coloured cotton which has a mean staple length 
of 5/8 to 6/8 inch and a ginning percentage of 25. The natural tint 
of. the OQtton varies from drab to reddish brown and it is con- 
sid^d to be an asset in the manufacture of coloured textiles. 
It is pref^ed to other white cottons on account of its capacity 
djra shsoqption and good fibre strength. The main drawbacks 
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of this Tariety are the variable colour, short staple, low gmuing 
and low yield. These defects are sought to be remedied through 
evolution of a better quality eotton. 

Earlier work at the Agricultural Eesearch Station, Onntor, 
resulted in the evolution of tt 1 (Cocanadas 1) a derivative of inter- 
strain hybridization within crboreum. It possessed medium 
staple of 7/8 inch and ginning capacity of 28 per cent, with a 
spinning value of 30’s warp. Its lint colour was however lighter 
than the average local bulk. The consuming mills were in favour 
of this type in all respects except colour. It was however unsuited 
to the Chinnapathi area where short staple white cotton was 
grown. 

The work of the red cotton improvement was taken up under 
the Madras Cocanada Scheme, financed by the Indian Central 
Cotton Committee from February 1940 at Narasaraopet in Cuntur 
district served by another satellite station for deep black soil at 
Gurzala in the same district. A survey of the tract disclosed that 
this cotton was raised largely as a mixed crop on a variety of soils 
and seasons and that the major area comprised of the shallow type 
of loamy and gravelly soils. Patches of inferior white cotton 
existed in this essentially coloured zone in the districts of Guntur, 
Nellore and Visakhapatnam. The white cotton of the last named 
district known as Chinnapathi was entirely different from those 
of the other two districts in form as well as habit. 

Breeding experiments were conducted in the three major sea- 
sons of planting, viz., July, August and Septeml8»r prevalent in 
the red cotton area both as a pure crop and as a mixture with 
bajra. Studies on the variability of economic characters in bulks 
and progeny rows revealed that the habit characters were effected 
by changes in environment and lint colour was modified by a 
change in locality of growth. Conjoint variability for all charac- 
ters was absent in bulk collections. There was a wide scope for 
selection of plants with single attributes like staple, ginning or 
colour while the plants with deeper coloured lint always had 
shorter lint length and coarse fibre. Heritable variability for 
co^ur was abundant in Godavari district, but from the point of 
other attributes Guntur district possessed the largest useful 
vuiation. 

The first batch of pure lines showed improvements in colour, 
ginning and yield but not in staple. The best of them was 129 which 
did not find favour with the consuming mills in India on account of 
its coarseness and short staple. In the new batch of pure lines, there 
was a slight improvement of mean len^hs of the coloured selections, 
but tl^ere was no corresponding shift in coarseness as judged by tiie 
fibre weight. Selection 699 A 4-1 was the best biotype in this batch. 
The light brown gene was found to be subject to profound fading 
action possibly due to low dominance of the Peninsular arboteunu. 
Since &e task of effecting conjoint improvement in colour and sta^ 
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was felt to be difficult of achievement by pure line selection, work 
on hybridization was also taken up. Interstrain crosses between 
Cocanada pure lines involving strain Cocanada 1 did not yield 
biotypes exceeding the best of the parental pure line in staple. 
They, however, contributed to the advancement of productivity 
and ginning. Inter-racial hybridization was therefore taken up as 
the next promising line of attack. Crosses between indicum 
strains possessing staple, fineness and adaptability on the one side 
and burmanicum varieties having stable colour genes on the other 
l^ere made and studied. Selections from these derivatives are in 
progress. 

Among the earlier selections, two pure lines 336 J5 and 336 D 
combined to a very large measure the colour and quality standards. 
The existing strain Cocanadas 1 was superior to the local type in 
all respects except colour. It acquitted itself w^ell in field trials, 
in valuations by trade and consuming mills and also in techno- 
logical tests. , A seed multiplication scheme for this variety was 
started in 1948 in Palnad taluk of the Guntur district to meet the 
needs of the light coloured zones of Nellore, Guntur and part of 
Kurnool district so that the general quality of the produce marketed 
from this area might be toned up. 

Selection work for the Chinnapatfi area is also carried out 
under the auspices of the Cocanada Scheme. This short stapled 
white variety is grown by the farmers in Visakhapatnam as tliola- 
kari or buradapathi cotton mainly to meet their own clothing 
requirements. It has no export market and the whole of the 
produce is consumed for hand spinning in the production centres. 
Since this happens to be a patch of inferior white cotton in the red 
tract, the area was surveyed in order to select early types with 
fair staple. But there w^as no variability and a suitable type would 
have to be evolved only through proper synthesis. Conversion into 
a medium staple white cotton area or replacement by a coloured 
variety were the two alternative possibilities. Cocanadas 1 was 
unsuitable on account of its late habit. Hybridization with early 
types was taken up to evolve a biotvpe. They are in early stages 
of breeding but nevertheless show great potentialities in ginning 
and quality. Nineteen early improved arhorevm white strains 
evolved in the Punjab, Bombay, Uttar Pradesh, Madhva Pradesh 
and Madras were compared as a pure crop with AnakapalU white 
to sfudv their adaptability, earliness and quality. It was seen that 
the majority of the cultures were as early as the control and the 
choice had to be on the staple, ginning and fineness. 881-F and 
197-6 proved their adaptability and combined many good qualities. 
It would be desirable to recommend 8R1-F in order to ensure 
unification of Munciari and Chinmvotti zones which are in most 
respects identical. In a separate trial containing Upland American 
types, Pharbani American, L, 11-40-594, L. 77-43-8380, MA. 2, 
6762-B, and 7796 equalled the desi local in seed cotton yields but 
were definitely superior in staple length and ginning per cent. 
B*urther work is in progress. 
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Northerns unirrigated. — ^The existii^ ‘ Northerns. ’ area ia coa- 
fined to Kumool district and comprises of three indigenous vans* 
ties, viz., white Northerns (arboreum and herbaceum) inolod'^'g 
gadag and red Northerns (arboreum). The district is divisible 
into three broad zones of Western, Central and Eastern Kumool' 
differing in soils and climate. The western zone, comprising 
mainly of the Pathikonda taluk very much akin to the Bel]|try 
district which it abut^, grows Westerns (herbaceum) cotton. The 
Eastern area is closely allied to the red Coconada zone and is 
contiguous with it in the matter of variety grown and seasons of 
cropping. It is only the central zone, which grows a multiplicity 
of varieties, viz., white Northerns (arboreum) gadag (herbaceum) 
and mungari (arboreum), and which is served by the Agricultural 
Eesearch Station, Nandyal, that requires improvement. The com- 
mercial crop marketed under the name of White Northerns 
consists of a mixture of these non-desoript varieties. The staple 
length and quality of these varieties are variable, the yield is low at 
about 50 pounds lint per acre, and the ginning outturn is about 
26 per cent. • 

Pure line selection on Yerrnpatti .(red Northerns) commenced 
in the year 1908-09, at the Agricultural Besearcb Station, Nand- 
yal, resulted in the isolation of the white strain Northerns 14 
possessing a staple .length of 24 m.m., a ginning outturn of 24 per 
cent, and a spinning ca[)acity of 40’s warp. Ite general distribu- 
tion began in the year' 1918 with the aid of seed farms run by the 
Agricultural Department. On account of its limited adaptability 
and low ginning outturn, its cultivation was always confined to 
certain favoured localities in the area. A second wave of pure 
Knes evolved during the period 1920 to 1940, could not excel the 
high standards of quality built up in Northerns 14, though small- 
improvements in yield or ginning were obtained. Inter-racial 
hybridization within arboreums using bengalense and cernuum as 
parents since 1925 did not yield fruitful results. The work was 
intensified in 1938 employing many extra-provincial arboreum 
varieties and the technique of back-crossing. Interstrain crosses 
between local strains evolved at Nandyal were also studied. All 
of them proved to be either shy bearers or lacked the requisite 
variability to respond to selection. Fresh crosses using foreign 
long staple arboreum varieties evolved in the Madras Herbaceum 
Scheme were made and studied since 1943. It was found that 
Mill'on Dollar from China and two other types, namely, 1523 and 
L. 3-4-4 produced high variability in crosses with Northerns 14. 
Among them, 1523 gave rise to a group of progenies having m^ 
staple lengths ranging from. 25 n).m. to 27 m.m. and. mean, ginning 
from 28 per Sent to 34 per cent at the adaptability levels of 
Northerns 14. Later crosses advanced these standards fiuther to 
1-02 inch staple by Balls’ sorter and 34 per cent ginning. Some of 
them are in bulk stages of testing for yields and trial- in^oultiuato^’e 
holdings. In order to intensify the programme of selection, through 
hybridization, a new breeding scheme financed by the Indian OrahM 
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Cotton Committee was initiated in 1949. It has for its objects the 
evolution of a cosmopolitan variety possessing adaptability over a 
wide range of soils, and capacity for increased yield per acre and 
ginning per cent over Northemit 14, without affecting the present 
qualities of staple length and fineness of N 14. 

Mungari unirrigated . — A low grade, short-staple and coarse- 
quality cotton akin to ‘ bengals ’ is being grown on the red and 
mixed soils of Ceded districts during the hharif season. Its 
presence in an area of medium-stapled cottons like Westerns 
and Northerns leads to undesirable mixing and hampers the 
spread of Westerns 1 and Northerns 14 varieties in a pure form. 
These evils were sought to be checked by breeding for a medium- 
staple variety suitable for cultivation in the kharif season, and 
work towards this end was started in the year 1937 as part 
of a scheme financed by the Indian Central Cotton Committee. 

The first part of the work consi-sted in the trial of improved 
strains obtained from stations in and outside the State. These 
were tested for yield in breeding plots at Adoni and in representative 
villages in the districts of Bellarv, Anantapur and Kurnool in 
replicated bulk trials. During this stage of the work stenosis, 
a disease later proved to be of virus origin, was noticed to be fairly 
common and was estimated to reduce considerably the crop yields 
on account of the attacked plants turning either partially or fully 
sterile. Collections of improved .American varieties were also 
included in the latei- years. Thewe were found to be immune to 
the virus but were affected by thrips and drought. Of the 
38 Asiatic and American strains tested for over three seasons, 
the most promising varieties failed to satisfy one or more 
of the standards set forth for yield, earliness or quality. 
Cambodia 4 did well only in light-black soils and though free 
from stenosis, suffered from thrips. Strain V 134 was highly 
susceptible to stenosis and possessed low. ginning. Westerns 1 
and Northerns 14 were failures during the mungari season as they 
could not finish their yields early along v^ith the mungari bulk. 
The breeding aspects consisted of the study of variability of 
mungari bul^ and reselection in improved varieties and crosses 
that were available or made with extra-State types. Two other 
new varieties, viz., umri Bani and jarilla satisfied the standards 
of earliness but lacked ginning or yield. Improved strain 881- J<’. 
a reselection from C 6-3, was very promising when tested in bulk 
plots on cultivators’ holding since 1944. It recorded yields ranging 
from 100 to 115 pounds lint per acre and fetched a value 
equal to Farm Westerns in the market. Its staple could be 
classed equal to 7 /8th inch with a spinning capacity of 30’ s warp 
as compared to the lO’s of local mungari. Its two drawbacks, 
however, are late habit and low ginning outturn compared to the 
nUsngari bulk. Nevertheless, work on the rapid multiplication 
and diskibution of strain 881-F is under way in addition to breed- 
ing for the evolution of biotypes which would prove as improve- 
ments over 88];*F. Further trials with early maturing arboreum 
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types disclosed that £.oilpatti selections £>19, £-21, £-28 and 
£-32 were as good as 881-£ in staple and yield, superior in ginning 
by 4 per cent, and equal to local in earliness. Hybridization 
to combine high ginning and earliness with the yield and lint 
qualities of 881-£, was programmed and partly executed. The 
variabihty created is expected to yield a biotype satisfj^g in all 
respects the needs of the mungari tract in respect of yield, earli- 
ness and high ginning. Further selection work with these 
objectives in view is under way. Small-scale trials of 881-F and 
Koilpatti types £-19, £-21, £-28 and £-32 in the hingari season 
at the Agricultural Eesearch Station, Hagari, proved that these 
were as good as hingari herbaceum strain in yield, but decidedly 
superior in staple and ginning. There is thus great scope for 
unifying the whole area with one type in both mungan and 
hingari cropping. The trial of American varieties on both the 
soils supported the findings at the Agricultural Besearch Station, 
Siruguppa, that suitable biotypes could be evolved for August 
sowing from MA 2, Gadag and Hyderabad races. The yield tests 
proved that the productivity of munagari could be realised in 
hirsutum but this performance remained to be corroborated in 
extensive trials over the whole mungari tract. 

Westerns unirrigated. — ^The rain-grown desi cotton on the black 
soils of Bellary, Anantapur and Cuddapah districts' and Pattikonda 
taluk of Kumool district is a medium staple — warp quality cotton 
belonging to herbaceum. Low and fluctuating yields and quality 
together with wastiness of the cotton were common defects noticed 
in the crop marketed under Westerns. Pure-line selection carried 
on at the Agricultural Eesearch Station, Hagari, from the year 1908 
resulted in the isolation of strain Westerns 1, which was released 
for general cultivation in the year 1930. It marked a substantiqj 
improvement over both the jowari cotton (unselected Westerns) and 
earlier selection H 26 in the matter of staple and ginning. It had 
13/16 to 7 /8-inch staple, and 28 per cent ginning with a spinning 
capacity of 26 warp. Further improvements were sought in gjnning 
outturn, fibre weight and capacity for drought evasion through 
breeding. Since the tract is subject to low and variable rainfall, 
big improvements in seed cotton yield or staple lengths are more 
difficult to achieve than advances in ginning or fineness. Similarly 
drought evasion rather than drought resistance will be a feasible 
proposition. 

A wide collection of herbaceum varieties from Bombay and Iran 
was made and studied before using them as parents in hybridization 
with local races. The Bombay types were found to be late matur- 
ing and unsuitable for the arid black soils of Ceded districts. Scaae 
of them, however, were desirable from other aspects. They 
possessed resistance to fusarium wilt bordering on immunity, sta|fle 
length, low fibre weight and hijdi ginning outturn. They were 
therefore employed in crostdng with Westerns 1 for impartii^ the 
above characters. The hybrid deirivatives are in Afferent stages of 



I’latt hi (c). 


P. -.17 




IflnnKCRS Of THB SBPABTMBin: OP AOmCULTUBB, MADBAS 619 


test utd porifiestion. It is {ouDd that Iran brings in earliness and 
tfaMness while Bombay types contribute to staple fineness and 
ginning. A few of them satisfied the standards of staple, ginning 
and fibre weight set as the original objective. 

Among fresh extra>Btate collections, the Dharwar and Burat 
■^jrpes responded to re-selections for early habit and productivity. 
Type 2-3-69 from Dharwar yielded as much as the biotype 2800 
evolved through hybridization while retaining the better staple and 
ginning per cent. In addition to these, tnal of early arboreum 
■ vcrietieB was continued for finding whether the whole of the 
Wettems area mcludmg mungari could not be unified under one 
common arboreum stram. Types which compared well with 881-F 
at Adoni in mungari season were tested against Westerns 1 at 
Hagari. 8S1-F, A-IO, A'-21 and K-22 yielded as much as local 
J>ut possessed advantages in staple, ginning and fibre strength. 

With a view to intensify the programme of hybridization among 
herbaceum varieties and a scheme financed by the Indian Central 
Cotton Committee was sanctioned in 1949. The scheme at its 
termination is expected to yield one lakh bales of quality Westerns 
capable of spinning 30’s warp with a basic staple length of* over 
13/16 inch. A seed multiplication and distribution scheme has been 
working at Guntakal smce 1942 for spread of strain Westerns 1 
which covered 59 per cent of the total area under Westerns cotton 
in the year 1948-49. 

The chief distinguishing features of desi cotton strains are 
furnished in Statement 4 (A) and (B) appended. The breeding work 
on.rainfed desi in the State has been directed towards the conversion 
of the entire area into one of medium-quality cottons of 7/8-inch 
staple capable of spmning up to 40’s eliminating inferior short-staple 
styles. To this end remarkable achievement has been recorded, 
through planned hybridization and selection for quality. 

In addition to pure-line selection and hybridization inter se 
practised for improvement work on Cambodia cotton, polyploidy and 
distant hybridization involving wild cottons are the special methods 
adopted. 0 . hirsutum hybrids with fertile wild cottons, viz., 
G. taitense and 0. darwinii taken to fourth generation combined 
to a satisfactory degree fertility, staple length and adaptability. 
Latest knowledge alraut wild cottons indicated that G. darwimi is 
allied to G. barbadense than G. hirsutum. Similarly G. taitense 
is closely related to G. IRrsutum but not to G. barbadense. This 
pfissibly" explains the transgressive variation noticed in the 
cross (G. darwinii xG taitense) x G. hirsutum 4463. Lsige- 
soale eiBpioyiBeiit of G. darwinii in crossing as one way of bridging 
vp the species gap between Sea Island and Upland varieties has 
been in progress at Coimbatore. Staple lengths of 1’13 inches, fibre 
treifhte of 1.14 x 10* grammes per centimetre and maturity of 

par OKrt in winter Cambodia are new records worth ^ time 

AJi.— 48 
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and labour spent on tbe synthesis. Most of the selections made in 
!thi8 group are under progeny row tests in both itr^ated am) 
unirriguted trialg. , , 

The sterility oi hybrids with G. raimondii was got over through 
doubling with colchicine and the resulting fertile hexaploid (4463 x 
.G. Tuiinondii) was stepped down to tetraploids through crossing 
•with both hirnutum and barbadeuse varieties. Fertility judged 
from the bolhug capacity in the held was a reliable and safe index 
for selection. This material in the fourth generation contains' new 
polyploids possessing good vigoui-, high drought resistance and fine 
•quality and will be useful in developing unirrigated American areas 
or replacing deni cottons in black-soil region. 

Among the several techniques adopted for the improvement of 
rainfed dest, hybridization involving G. anonialum for transferring 
genes i'or boil-wonn resistance and low hbie weiglit was einplnyei 
Crosses and back-crosses of anomalum effected with long-stapled 
varieties in cultivated South Indian arboreums inclusive of 
Cocanadas cotton arc in tlie second back-cross stage. 

Aoronomig Trials and Experiments. 

Agronomic enquiries on cotton have been initiated fiom time to 
time in the different Agricultural iiesearch Stations of the State or 
as part of the several schemes financed by the Indian Central Cotton 
Committee, which invariably took into consideration the earlier 
experience gained at the stations. Specific experiments were under- 
taken to evolve efficient sj stems of agricultural practice aiming at 
maximum production, utilizing the available resources with due 
regard to the need of the tracts and solving difficulties encountered 
in executing breeding progianunes. '.riic “ time of planting ” 
trials conducted at the Agricultural' Research Station, Palur, is a 
good example. A shift in planting date from March to December 
trebled the yields of irrigated Cambodia, an I'xperience unparallelled 
in any other crop for a single agronomic practice. The following 
in brief are the different problems tackled so far. 

Planting date-cun\-spacing trials, — ^M’^itb a view to assess the* 
relative effects of early and late sowing on the yield of irrigated 
Cambodia, replicated trials were conducted at the Cotton Breeding 
Station, Coimbatore, during the- years 1927-30. Phe mean yields 
obtained were 1,080 pounds seed cotton per acre for the crops sown 
on 1st September while those planted bn 1st October and 21st 
October recorded 611 pounds and 152 pounds respectively proving 
thereby the definite, advantage of early sowing. It was also seen 
that the early sowings had a slight adverse effect on the succeeding 
sorghum crop possibly due to longer stand of cotton in the field 
dejjleting soil fertility. The ryots in the major part of Coimbatore 
district have readily taken to the earlier planting of cotton after 
eoflhum, but where ragi is grown in rotation, the sowings, avf 
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ixpavoidably delayed due to the late harvest of ragi crop. The 
beh^f current among such growers that the loss in yield, by late 
planting, can be compensated by an increase in the seed rate 
a&opted for cotton, is being tested m the experiments with different 
spacings and daces of planting conducted at Coimbatore since 1947. 
The trend of the results indicates that a close spacing of three inches 
between plants restores fully any loss resulting from delayed sow- 
up to 20th September but not later. Close observations on 
the fiWd behaviour of planes disclosed the pre-disposition of late 
sown crop to severe attack of the insect pest ]assid {Empoasca 
Spp.), .Further enquiry is being made to find out whether insecti- 
cidal measures of controlling ^aasids will help to solve the problem 
of low yield of late sown crops. 

. Flower shedding, motes (unfertilized seeds) misshapen boll 
development, imperfect boll opening and poor yields in an apparently 
good crop were some of the serious delects noticed m the summer 
cotton raised at the Agricultural Kesearcii Station, Palur. A subse- 
quent survey of the cotton growing areas of the South Arcot district 
and personal enquiries made of the observant farmers revealed mat 
flower shedding in May-Juiie followed by a period of recovery 
from July onwards was a common feature of the tract. Among 
the various correctives and ameliorative measures tried after a due 
recognition of the basic causative factor, viz., contabescence of 
anthers resulting in flower shedding, a shift to earlier planting dates 
was one. T'he variants vested were different planting dates at forl- 
hightly intervals from December to March with different varieties 
and spacings. The results disclosed that the December sown crop 
dodged the ill-efiVcts of high temperature during flowering phase 
and recorded yields nearly three times the March sown crop in all 
treatments. The increase in yield was traceable to both increase 
in flower production and decrease in flow’er shedding aiising out of 
contabescence of anthers. The mean yields of seed cotton for the 
December sown crop was 1,012 pounds wdiile the March planted 
crop recorded 659 [lourids per acre. 

. Planting date and spacing trials were conducted at the Agricul- 
tural Research Station, Siruguppa, during the years 1938-1948 
with the object of finding out the optimum period for rabi planting 
of cotton in the Tiingahhadra Project area. The investigations dis- 
closed the following essential features. The optimum planting 
period for irrigated American cotton was about the second week of 
August. T3rpe8 like il/./l. 2 showed the greatest adaptability for all 
planting dates. The crop sown after 15th September suffered from 
severe jassid attack and showed poorer productivity and lint quali- 
ties. Closer spacing and earlier planting dodged the attack of 
iasHds more effectively. 

With a view to determine the optimum spacing for irrigated 
ocitdn, aleven graded spacings varying from 24 inches to 4 inches 
alpng, ridges formed uniformly 3 feet apart were tested at the 
Breeding Station, Coimbatore, for six seasons from 1929, 

A.M.— 48a 
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Tbe resalts wwe found to vary from year to year as seasoftal laotors 
initaenoed a great deal. In years of good rainfall, wider spaeiiig 
was beneficial while in seasons of poor precipitation the ettect of 
q;>ac}ng was not felt. Spacing experiments in rainfed black soil 
durmg 1929 to 1933 indicated similar modifying influence of both 
amonnt and distribution of rainfall. 

Spacing . — ^At the Agricultural Besearch Station, Kcutpatti^ 
experiments on the effect of spacing on cotton indicated that the 
optunum spacings between rows and between plants wwe 16 inehea 
and 8 inches; respectively. The yield of a late sows crop could 
not be increased by closer spacing in the rows. A popo^ aais- 
conception among the ryots of the ‘ Tinnies ’ tract was that drill 
sowing would not permit the sowing of subsidiary crops along with 
cotton. This was dispelled by suitable experiments. Coruuader 
With a low seed rate of three pounds per acre and blackgram proved 
good mixtures while horsegram was found to depress the yields of 
cotton. 

The results of spacing experiments conducted at the Agricul- 
tural Besearch Station, Hagari, between 1924 and 1926 and 1931 
and 1985 indicated that a spacing of 36 inches between rows was 
as good as 27 inches. An adoption of this wider spacing will rcstdt 
in a saving of seed for sowing. 

Seed rate . — ^Between the years 1928 and 1934, experiments 
were conducted at the Cotton Breeding Station, Coimbatore, to find 
out whether it would be possible to enhance the acre yields of 
cotton by allowing two plants per hole instead of one. The results 
indicated that the efficacy of the device depended upon several 
factors like system of cropping, variety, spacing, fertility status of 
the soil and rotations practised. In soils which had been rendered 
fertile by either manuring or judicious rotation, doable plants worn 
of decided advantage over single plants. In poorer soils single 
planted crop scored over the double planted one. 

Thinning . — Experiments to find out the effect of thinning on 
yield of cotton conducted between 1907 and 1910 at the Agricultoral 
Bese'roh Station, Hagari, disclosed that on the black soils of Ceded 
districts thinning of cotton was not found profitable. 

Place effect . — ^A belief is current among the ryots that fesfBfi* 
ganni seeds raised in Tirunelveli district produce a better crop when 
planted at Coimbatore and that seeds produced in Pslni tafak 
prove supericH' to local seed for raising in Tirumangalam area. The 
validity of this conception was not proved in experiments duriaff 
1938 to 1941 with seeds of Earunganni 1 obtained from the diffisraM 
centres. 

Eleotro-cultiire . — ^Experiments were conducted for two seSiOKis 
(1936-40) wherein Cambria cotton seeds were sparked dry at eoiksd 
hi sparked water for varying periods before sowing and itato MSbSi 
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iisagated with sparked water. It was found that none of the treat- 

eouid induce any differential response either in germination, 
Itubaequent growth or in final yields. 

Irrigation ,' — ^Irrigation experiments on Cambodia cotton were 
conducted at the Cotton Breeding Station, Coimbatore, during 1929 
to 1936 with the object of finding out the optimum interval between 
two successive irrigations, the minimum number of irrigations that 
would be necessary after the cessation of the north-east monsoon 
and the best time for giving these irrigations. The results indicated 
that irrigating once a week was wasteful and least economical while 
tSiere was hardly any difference in yields between plots irrigated 
once a week and once in three weeks. It was also seen that a 
good crop of Cambodia could be taken with only two irrigations 
after the cessation of the north-east monsoon. .They were best 
given by about the second week of December and January. Besides 
the above conclusions, the following useful information was also 
gathered from the experimeflts. More water per irrigation was 
absorbed when the interval between two successive irrigations 
became longer, but the relation was not directly proportional. 
Plots irrigated once in twenty days absorbed only a little more 
water than those irrigated once in ten days. The manured plots 
consumed a little more water per irrigation than the unmanured 
plots. Spacing between the plants in the row did not interfere 
with the water requirements. Waterings given at the flowering 
phase were more important than those given at regular intervals. 
The humidity of the plots could on no account be controlled by 
manipulating the frequency of irrigation, as the diurnal variations 
in hiHoidity was so much as to mask completely any fluctuations 
which might arise out of differential irrigation. 

Rainfall and cotton yields — ^An examination of the relation 
between rainfall received and yield of Karunganni cotton at the 
Agricultural Research Station, Koilpatti, during the rears 1910- 
1930 revealed that for obtaining maximum yields of cotton, the 
following distribution of rainfall would appear to be most bene- 
ficial : — 

(1) A heavy rainfall in the two fortnights preceding sowing, 
follojved by a light precipitation of one to two inches in the first 
fortnight after sowing. 

(2) A dry spell during the second and third fortnights after 
sowing followed by good showers in the fourth fortnight. 

(8) Another dry spell in the fifth, sixth and seventh fortnights, 
especially the last mentioned period. 

(4) Fairly good showers in the eighth to tenth fortnights. 

A statistical studv of the effect of each inch of rainfall on the 
yield showed that extra rain had a negative influence on the yield, 
almost throughout the year. 
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Experiments conducted during the years 1982 to 1936 on the 
itwQ different methods of irrigation, viz., furrow or flat-bed revealed 
that slightly less water per irrigation was consumed in furrow 
irrigation while the yields were not affected. However, planting 
the seed on ridges or beds did not affect the water requirements 
provided the level of the field was uniform in both. 

Two series of irrigation experiments are in progress at the 
Central Farm, Coimbatore, since 1938. The normal water require- 
ments of Cambodia Cotton from sowing to haivest as determined 
in one of the series of experiments rang^ from 2248 to 36-20 acres 
inches of water. Seed cotton yields ranging over 1,000 pounds 
per acre were recorded for the above water consumption. Tn the 
other series, the object is to determine the optimum interval bettreen 
two successive irrigations and the optimum depth of water per 
irrigation. Eeliable results were obtained only in three seasons. 
Three acre inches of water applied at intervals of two or three 
weeks appeared to be the most economical. 

At the Agricultural Eesearch Station, Siruguppa, irrigation 
experiments on cotton were conducted. Tn the physico-chemical 
studies conducted on the hingari block the frequency and ^(‘pth of 
irrigations were included as additional items 0989-43). . But the 
treatment effects were not significant as they recorded y)oor yields. 
In mungari cotton, a comparison was made between irrigated and 
dry crops (194(V43>. The irrigated series gave significantly better 
yields with mean of 364 pounds seed cotton per acre while th6 
dry crop recorded 263' pounds. The hingari cotton responded 
better to irrigation given every fortniglit ^nd recordfMl liigher yields 
than the plots irrigated once every month. Tn 1943-44, the 
total water consumed was 26*01 inches and 21 *96 inches for 
corresponding yield levels of 993 pounds and 840 pounds of seed 
cotton per acre for the two treatments. Another experiment 
conducted in 1945-46 for comparing flat bed versus ridge irrigation 
difl not show ^significant difference in yield response., , , , 

Soil culture . — Experiments on pre-cultivation were started at 
the Cotton Breeding Station, Coimbatore, in 1940-41 under a 
scheme which was originally programmed to contintj^e . fpr ten 
seasons. The object was to deteimine the minimum preparatory 
cultivation for rainfed cotton and sorghum under red and black soil 
conditions. 

The following ten cultural treatments were tested 

l No ploughing plotii vrerp not, worked ^ with any 

implomentfi, but if the fields were 
weedy during off ' they wwe 

^ removed with tho leegt distiirbimee 

to the soil,' ' 


2 ploughing with country plough 

. . Two times. 



8' Do. 

. . Four times. 

* ' V * ' 


♦ ’ Do* 

. . Six times. 

’ * » 

' * f 

6 Do. 








Plafe »i.-ln,er.cnl>;vallo,, m Co,>o.. 
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,6 Ploughing with daoper No. 26 

Once. 

.7 

Do. 

. . Twice. 

S Quntaka 

. . 

. . Once. 

9 Do, 

• • > . 

. . Twice, 

10 Standard 

4 


. . After working a Victory plough once* 
country plough was worked next. 
Ountaku and junior iioo worked 

later, jf any necessity aioso for the 
removal <»f weeds or crushing clods. 


All the ten treatments were applied to red soil but in the black 
soil group, item 8 was omitted and replaced 1)\ standard treat- 
ment. 


\ Pre-cultivation . — There were no consistent results for seven 
seasons possibly due to the differential effects of erratic monsoons 
experienced during this period. The cereal in red soil failed to 
register any increase over control treatment in normal years, while 
greater frequency of cultivation in seasons of deficit south-west 
monsoon rains, tended ‘to deplete soil moisture rapidly. Under 
conditions of heavy precipitation, intensive pre-cultivation with 
Country plough created a very fine and loose tilth which was found 
to be very disadvantageous at the time of sowing as it generally 
gave }>oor germination. Uncultivated plots were continuously 
weedy in spite of frequent hand-weedings and tlie weeds were 
more at the end of the six-vear period than at the beginning of 
the experiments. The trend of cotton yields followed tliat of the 
cereal. Cotton and sorghum were equally affected in seasons ol 
heavy rainfall by poor germination and retarded growth in exces- 
sively-cultivated soils, (’ontrol In^ntment and the Cooper plough 
were the best. At tlie Agricultural Besearch Station, Koilpatti. 
experiments to test the effects of different methods of preparatory 
cultivation on the yield of cotton, showed that all tlie tlirec treat- 
ments, viz., ploughing with monsoon plough, working (junfaia 
and no ploughing, were alike in their effects on cotton yields. 

Experiments on pre-eullivation at the Agricultural Rc«5earch 
Station, Nandvab during 1032-33 and 1010-43 disclo^^ed that the 
deep black soils did not require so much of preparatory cultivation 
as would .be 'beneficial to red and mixed soils. 

Inter-cultivation —W\fh a view to determine the relative 
effects of inter-cultivating cotton by various methods, a series of 
experiments were conducted in the rainfed red and black soils of 
the Cotton Breeding Station, Coimbatore, during the years 1032 
to ^1936. Bemoving weeds wntli hand hoes only lakmg care 
ntot to disturb the soil and bv disturbing the surface' soil in addition 
to the removal of weeds either by hand hoe, country plough^ 
^untaka or junior hoe were the different treat men! s tried. The 
®^ter-coltivation was done either once or repeated twice o?- thrice 
during crOjp^ growth. The operations were can'ied out when the 
was in a normal condition .or just beginning to crack. The 
ff^ults showed conclusively that anv inter-cultivation bevoqd keep- 
ing the land clean of w^eeds was quite unnecessary for cotton raised 
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in both red and black soils. At the Agrioultoral BeseArch Station, 
Koilpatti, no difference was seen in the yield response of cotton 
grown on plots differently inter-cultivated. 

Experiments conducted at the Agricultural Besearch Statioa, 
Nandyal, during 1937-40, with varying frequencies, of working 
the blade-harrow indicated the need for clean cultivation and 
checking weed growth to obtain good yields of cotton. 

Post-cultivation . — ^An experiment designed with the object of 
determining the least expensive method of post-cultivation to be 
adopted for a field of sorghum stubbles was conducted for two 
seasons during the years 1942-45 at the Cotton Breeding Station, 
Coimbatore. The following operations were done either immediately 
following the harvests of sorghum or after receipt of rains in 
April-May : — ^ 

(1) Worl^g country idough as oft«a as necessary to keep 
down weeds. 

(2) Working guntaka periodically. 

(3) Working country plough twice and then working 
guntaka when necessary. 

(4) Ploughing with mould-board idough once and then w(Hrk- 
ing country plough. 

The results indicated that both in gross yields of cotton follow- 
ing the sorghum crop and economics of early post-cultivation with 
guntaka following the harvest of sorghum was the best, the mean 
increase in cotton yields being eight pounds lint per acre. 

Esperiments were conducted at the Cotton Breeding Station, 
Coimbatore, during 1939-48 with the object of determining the 
relative effects of different preparatory cultivation for six crops 
sown and also to study their after-effects on cotton and sorghum. 
The plots were laid out in split plot technique with four mmn 
treatments and six sub-treatments. 


lli^n treatments. 


Sub’treetmants. 


OuUuatitm-cwu-Sotation-^ 

A. Unploughed. 

B. Victory plough. 

C. Country plough. 

D. Otmtaka. 


1 Sorghum (perfomonjal). 

2 Bajra. 

3 Scvghum (/ruNgu). 

4 Temi. 

6 Cotton. 

3 Bengalgram. 


The results disclosed that there was no differential effisot dns 
to cultivation in general except for odd disturbing results recorded 
for sorghum, in 1943-44, cotton in 1944-46 and ba^a, team and 
gram in 1945-46. In the rotations, eoftton succeeding pwm trppiii 
in yield while cotton following torghum, tenai, bajra and 
were in the descending order of superiority. The yields of parim 
manjal sorghum- and other cereals were low cm «8oc«nit of JimU 
sowings. 
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jtfawimngf.— The manurial trials oa cotton conducted in the 
Madras State during the earlier years of 1922-28 were simple and 
empirical with two sources of nitrogen, viz., ammonium sulphate 
and sodium nitrate not exceeding twenty pounds per acre. The 
next stage of trials conducted between 1929-35 included variations 
in kind and dosage of nitrogenous manures with and without 
phosphoric acid on basal applications of bulky organic manures. 

Fertilizer experiments on irrigated cotton with chemical 
manures like ammonium sulphate, super-phosphate and potassium 
sulphate, were conducted at the Cotton Breeding Station for three 
seasons during 1928-31 and a review of the results brought out 
the interesting fact that the garden lands rendered rich by frequent 
application of fairly heavy doses of farmyard manure, were not 
benefited by the applications of ammonium sulphate. But for 
poor lands which had been brought under irrigated condition 
recently, the application of ammonium sulphate was beneficial. 
In either case, the addition of super-phosphate or potassium sul- 
phate or both along with ammonium sulphate did not result in any 
additional benefit. Anotlier interesting finding was that kapas 
produced from regularly manured lands contained a lower percent- 
age of immature fibres. 

No favourable response for top dressing of ammonium sulphate 
up to one and a half cwt., at the time of bud production was seen 
in experiments during 1930-32 although the practice was claimed 
to have increased production and enhanced the retention of buds, 
elsewhere. In order to assess the residual effect of manures, if 
any, under Coimbatore conditions experiments were conducted in 
both irrigated red soil and rainfed black soil during 1929-33. Two 
ewt. of ammonium sulphate and one cwt. of super-phosphate were 
applied to lands which had already been given a basal dressing of 
nine ckrt-loads of farmyard manure per acre. The results obtained 
for three years showed that the response in all the three years 
in irrigated red soil and in two years in the rainfed red soil was 
absent. 

A treatment identical with the one indicated above in connexion 
with direct manuring of cotton was given to sorghum crop 
immediately preceding cotton. The effect on cotton following 
sorghum was noted. The crop failed to show any favourable response 
to this indirect manuring in irrigated red soil in all the three yejirs, 
Jn the rainfed black soil favourable response was noted only in one 
year and aven here the value of the increased yield was not com- 
mensurate with the cost of manure applied. 

Bariiig years 1^39-41 experiments aimed at finding out 
tlie effect of one to four cwts. of ammonium sulphate applied during 
tile diffwent stages of growth of rainfed desi cotton in black soil 
were eond:Ucted at the Cotton Breeding Station, Coimbatore. No 
ernicdeeive tmd dependable results could be obtained from these 
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'Experiments on Cambodia cotton at the Central Farm during 
1944-47 at diliereiit doses of nitrogen with and without phosphoric 
acid failed to give significant results. ^ 

In the trials conducted at the Agricultural Eesearch Statidn, 
Palur, on irrigated cotton, no definite indications were obtained 
possibly due to flower* shedding resulting from contabescent 
anthers. 

At fliniguppa, 40 to 80 pounds of nitrogen in any form with or 
without bulky manures increased seed cotton yields by a substan** 
tial margin. 

At the Agricultural Eesearch Station, Nandyal, ihe experiments 
during 1930-34 revealed that it was more economical to apply 
cattle manure to sorghum crop than to cotton as the cereal respond- 
ed to direct manuring and the residual effects were found to benefit 
cotton. The application of artificial manures like ammonium 
sulphate, super phospb.ate and oil cakes though found to giv^ 
increased yields was not economical when the costs of manures 
’was taken into consideration. 

At the Agricultural 'Research Station, Koilpatti, manurial 
experiments definitely established that cotton responded' to direct 
application of nitrogenoins manure whether organic or inorganic. 
Cattle manure at ten cart-loads per acre increased cotton yields by 
60 to 75 per cent when applied continuously for six seasons. 
Fifty pounds nitrogen per acre in the form of neem cake increased 
the' yields by 60 per cent. Sheep penning at 1,000 sheep per 
acre was also found to increase the vield of cotton iiy> to 60 per cent 
and the best time for sheep penning w’^as a month prior to sowing. 
Twenty pounds nitrogen per acre as ammonium sulphate increased 
the yieJd by R3 per cent. Two cwts. of ammonium sulphate and 
one cwt. of super phosphate acre gave an increase of 40 per 
cent. 'Forty pounds of nitrogen as groundnut cake and one cwt' 
of super phosphate increased the yield bv 3.5 per cent. There was 
no* difference between nitrogen in the form of groundnut cake qif 
ammonium sulphate in their effect on cotton. 

' At the Agriciiltural Research Station, TTagan, an experiment 
started in 1948 witli the object of studying the effect of 30 pounds 
of phosphoric acid in the form of super phosphate, disclosed 
that the Application did not result in earliness either in flowering 
or maturity. 

Co-ordinated manurial trials on rainfed cptton were conducted 
at Research Rtations at Koilpatti, Guntur, Nandyal, Hagari and 
Coimbatore, as part of the All-India Scheme during the years 
1943 to 1948. The object was to study the relative eflSciency of 
nitrogen in the form of ammonium sulphate and groundnut cafte 
and the’ comparison “between the application of manure by 
citing, on 'the surface or drilling it into the soil.* The 'd<iiseiS‘ 
nitmgen ranged from 0 to 100 pounds per acre. There wai!r tili 
difference in response between ammonium sulphate and grotrddtlit' 
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cake, except under conditions of high fertility and presumably for 
large quantities of nitrogen, when ammonium sulphate was found 
to give a somewhat higher increase in yield. The method ot 
upplication made no dilierence with ammonium sulphate , which 
may be broadcast; but groundnut cake was bettei when di’illed 
tinder conditions of high fertility and for large applications. The 
rate of increase in yield for unit quantity of mtrogen increased 
with increasing fertility. Manuring was not found profitable on 
land of low fertility excef)t iinch^r extieinely favourable price con* 
ditions. On land of medium and high fertility » manuring would 
be generally profitable. 

The general principles of manuring as obtained from the 
results of experiments on cotton in Madras can be summarised as 
under. No benefit will be obtained by manuring rain-grown 
cotton in areas receiving h^ss than thirty inches of rainfall. Hence, 
the production in “ Wesleiiis *’ area cannot be increased by 
manuring. In areas rainfall over thirty inches, nitrogen at 
40 pounds per acre can he recommended. The Tinnies ” area 
gave consistent! V high response. Tn the Pirugiippa tract, represent- 
ing the future Tungabadra area, there was favourable response to 
nitrogen even up to eighty pounds per acre in dry lands freshly 
brought under irrigation. In South Arcot district no definite 
conclusions could be drawn due to occurence of contabescent 
anthers and attendant ill- efTeets. The manuring in the Coimbatore 
area should be advocated to fields which are intensively cropped and 
which do not receive adequate (juantities of cattle manure. 

Trace elements , — Application of boron at ten pounds per acre 
was reported elsewhere to improve the growth of cotton plants, to 
reduce bud and boll shedding and to increase the yield pheno- 
menally, Tests conducted at the Cotton Breeding Station during 
1933-34 failed to sup|>ort these findings. 

In an experiment during 1929-30 application of slaked lime 
increased the yield of cothm bv about 30 per cent. During 1923-29, 
cCwpea ploughed into the field as whole plants stimulated higher 
yields in cotton than when the same was ploughed in as mere 
atubbles. Sunnbemp grown and ploughed irt situ was found to 
improve the •wield of cotton during 1929-30. Tn 1933-34 it was 
grown between rows of cotton seedlings with a* view to use it as green 
manure to growing cotton plants as is done for sugarcane. The 
growth was poor and the green manure did not show any bene- 
ficial after-effect when it was ploughed in later on 

/Pre-ireatment of seeds . — Experiments to study the effect of 
'flowing , potton seeds coated with Ammonium Sulphate were 
inducted for two seasons (1912-44) with Cambodia cotton^ at the 
Cotton Breeding Station, Coimbatore, The results disclosed that 
•ffie ti^eatm^nt did not lead to any increased yields claimed by other 
workers but on the other hand there were definite adverse effects 
gormmotiott. 
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jB0tattion.-^Witb a view to determioa the relative j^ield ceapopiB 
of cottOQ wben raised after sorghum, bajra, ragi eunnheo^* 
groimdAttt aad fallow, experiments were conducted at the Cotton 
Breeding Station, Coimbatore, daring 1931'-8i. Saont>»iaq>« 
groundnut or fallow increased yidd of succeeding cotton. Futtber 
experiments were started in 1940-41 to study the e^ept of six crop 
rotations on sorghum and cotton. 


Treattnenta. 


1 Cotton .. 

. . Cotton . . 

.. Cotton. 

2 Bengalgram 

. . Cotton 

.. ScHgliaBa. 

3 Sorgbam 

. . Cotton 

. . Sorghum. 

4 OottoD 

Bengalgram 

. . Sori^um. 

6 Fallow . . 

. . Cotton 

. . Faibw. 

6 jSocghum 

. , Sorghum . . 

. . Sorghum. 


The experiment was intended to continue for twelve years to get 
four cycles of rotation. It was later noticed to be defective in not 
having a similar series for all crops used in the rotation. Hence 
another series was started in 1041-42 so that effect of the same 
season on sorghum and cotton might be studied. The resuHe 
obhuned during 1940-47 showed tlmt sorghum yields followed the 
sequenoe of gram, sorghum and cotton in the order mentioned 
dming the uonnal years. In seasons of heavy rainfall there was 
nothing to choose between sorghum and cotton as preceding rota* 
tional crops. In the case of cotton , sorghum was the best {Hrevious 
crop followed by gram, fallow and cotton. In wet seasons, the 
fallow series recorded fall in yiehis while sorghum and gram were 
not different. Cotton after cotton remained the poorest throug- 
hout. The yields of sorghum and cotton in the three course of 
rotation were always better ^han the two course sorghum-cotton. 
Various experiments to evaluate the different rotations practised 
in the ‘ Tinnies ’ tract were conducted at the Agricultural 
Research Station, Koilpatti, and the following conclusions were 
arrived at. The yield of a cotton after a pulse is the best, the 
inerease being as much as twenty per cent on the average but the 
praetiee does not appear to be economical if the nett monetary 
returns from the two crops are taken into consideration. Ootton 
after a bajra crop yields better than that after fodder soi^um, the 
difference being as much as sixteen per cent, but in dror^ty years 
the deleterious effect of fodder cholam is not seen. Cotton grown 
year after year on the same lend depresses its yield by, about 
twenty-three per cent but not further. The average yield of cotton 
in a four course rotation is as good aa in a two course rotation 
of bajra followed by cotton, a very uaeful finding which «ao 
prefitobly be advocated to the cultiiiptors. 

Sorghum ejfeof.— The usual rotation on fdie rainfed blaek 
«f the ' Tmnies ' area is the Imir year oue of sorgbu m t-oei to i o - - 
hajrar-eotton. It is commonly experienced by the fsinau «f tl^ 
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bract that cotton grown after sorghum is pale in appearance, 
alKUrter in growth and less in yield than the one succeeding bajra 
crop. A survey of the yields of cotton for about thirty years 
rwrealed a loss of 16 per cent in the farmers’ money crop which 
should be deemed greater than what could be generally made 
good by the cultivation of improved varieties, liesearch on this 
^tfoblem of sorghum injury on the succeeding cotton was taken up 
during the years 1931-37 at the Agricultural Kcsearch Station, 
Soilpatti, as part of a scheme financed by the Indian Central Cotton 
Committee- When a clear insight into the nature and causes of 
the {dienomenon became available it was seen that (i) the dimi- 
ni^ed yield of cotton obtained in the tract on fields cropped with 
sorghum during the previous }ear is caused neither by lack of soil 
moisture nor by exhaustion of soil nutrients nor even by the pre- 
sence of toxic products of decomposition; (ii) seed setting and 
duration of sorghum influence the intensity of the deleterious 
effects of sorghum cropping. The ill effects are not seen before 
shot-blade, hut only after seed setting; (iii; the harmful effects 
cannot be removed either by the applicatton of manures, or by 
the reduction of plant population or by mixing the sorghum with 
poises; (iv) the effect lasts only for a single season ; fv) the growing 
of both bajra and sorghum disturbs the exchangeable sodium mn 
contents of the soil, but they dillei in tiie pattern of their rise and 
sobsequent fall. In soils cropped with sorghum the rise of re- 
'{rfaceabk sodium is greater with the growth of the crop but its 
later decline is much slower than wliat is observed in the case of 
bajra soils. As a consequence, the sorghum soils are left more 
alkaline at the time of cotton sowing, which condition seems to 
be responsible for the lower }ield; (vi) Correctives for alkalinity 
were tried for three seasons but they could not give conclusive 
results owing to unfavourable seasonal conditions. It was inferred 
tlurf tiieir application m the lower layers might show better res- 
ponse; (vii) Ploughing experiments showed that these soils were 
not benefited by cultivating them either prior to or after the sowing 
of cotton. A saving in the cost of cultivation might be effected by 
reducing the preparatory cultivation to the minimum ; fvjii) sorghum 
could not be replaced by other fodders; and (ix) thick sowing of 
cotton improved the yields of cotton in sorghum plots both in good 
and pom* seasons of rainfall. 

Mixed cropping of sorghum-indigo corrected the ill effects and 
the yield of succeeding cotton was raised to the level obtained after 
a bajra crop. Preliminary observations showed that there were 
plenty of root nodules of indigo and the quantity of nitrogen added 
to the soil might be estimated at twenty pounds per acre when a 
twelve pound seed rate for indigo was adopted. A wholesale 
extoosion of this practice in the districts of Tirunelveli and Bama- 
liathaparam will wipe out the production deficit arising out of 
idl^ittn injury and increase the normal acre yields of the tract by 
ten pottttds of lint over an area of S-5 lakh acres. 
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KotatioD experiments conducted at the Agricultural Be^ev^; 
iiitatiou, Naudyal, revealed that a three coarse rotation ul oottonr: 
gro'undhut-sorghum was more economical Tor the tract than. *!»!». 
time-honoured two course rotation of cotton-sorghum. The 
tion of trials with legumes either as pure or mixed crops in 
rototion witli cotton has been reopened in view of their benefioii^ 
effects on soil fertility and cotton yields, as also contribution, to the' 
food for man and cattle. It was generally noted that the appli-‘ 
cations of phosphates increased not only the yield of legumea,, but 
also persisted in their elfcets on succeeding crop. After a defied 
review of past trials on legumes preceding cotton a scheme tor 
fuither exiieriments has lit'eii diawn up. They comprise of the 
following preceding crop mixtures to cotton : — 

(a) Sorghum — (.duster beans at Goimbatore. 

(b) Cereal — Indigo m Tuunelveli. 

(c> Borgbiuu — (Ituunduut sorghum - Kcd-gram in Guntur. 

(dj Sorghum — Indigo and groundnut at Nundyal. 

Mured cropp/nj/.— li^ 1911 --42 an ex{ieriment was started at the 
Cotton Breeding Station, t'oimbatore, witli a view to find out 
whether the incidence ul' cotiun stem weevil could be reduced by- 
growing Cambodia cotton mixed with rayi. The results obtained, 
showed that the device was ineffective against the weevil attack. 
But this experiuieiit gave a new suggehtion. The monetary returns 
from rayi cotton mixture wore higher than the values realisted from 
pure cotton crop. Further trials with variations in the proportion * 
and mode of planting proved tliat tlie association of rayi in any form 
was more remunerative ihiui the cultivation of pure Cambodia. 
Hence it was thouglit lie.'-t to restrict the trial to the cultivation of 
cotton-raj(t mixture with the usual .spacin.g .given to them when 
grown independently. liai/i wu.s tran.siilanted in beds and cotton 
dibbled in rows later at the tniie .*( giving the life irrigation to ragi. 
The alter-treatnieiit.- wie <-oiimion till ilie liarvest of ragi crop and 
thereafter cotton was earthed up and irrigated in furrows. Th« 
results judged on the hasi.i i»l net proru |)er acre proved cotton 
ragi mixture to be more lemunerative. than pure cotton. The 
same mixed cropping is Leing recommended as a means of stepping 
up cotton production in the irrigaled summer ragi and groun^ut 
areas and irrigated winter ragi zones of Madras State planted' 
during September and Octohf.r months. I’lie data collected in tibo 
year 1950 indicate that yit lils ranging from lit) ll>, to 475 lb, of seed 
cotton peu‘ acre can be obtained by growing f' gamin I cotton on 
ridges between beds. 

- Chillies crop in Ci rears is subject to damage, by thrips ofteo 
resulting in total loss. Mixed cropping with cotton spaced fivv 
and half feet by nine feet served as an insurance against failtuilf dt 
chillies in good as well as adverse seations, cotlon contributing fte 
quota of money value to the total economics. Cotton 
average yield of 40 pounds lint in any year and more th%|». 
pensated for the slight fall in chillies yield. It is a very 
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^r^cqmmeudatiou fur the usually heavily uianured raiuled chillies 
tract subject to severe Lhrip diiack. 

Beports of serious damage by aphids are common in the 
unimgated groundnut crop ol (Jircars and Ceded districts. In the 
Oocanada tract where the cotton crop is usually retained till mid- 
April after the harvest of groundnut in <)ctober-~Noveinl)er, milt- 
turea of red cotton and giuundnut arc faiii) coniinon. Trials were 
laid ftt the Agricultwral Kcf^eaich StalJon, (lUiitur, during 1948-49, 
to find out whethtif mixed cropping of eaiiy column t}peH would be 
more advantageous than red Cucanadas, a.s late di ought and cattle 
treepaas often pulleil down the yield ievcis. ( otton varieties from 
Ma^as, Bombay and Uttar rradesh were .^wu mixed in the 
preportion of one to every eigln rows ul groundnut in June-July. 
The cotton completed tlie iiur^esu by J>)eceml)ei — a month later 
than groundnut crop and did not reduce appreciably the yield of the 
major component. 'Ihe giu.ss monetary ieturn> fioiii mixed crop 
waa very much higher than pure giuundnuis. Good quality cotton 
of 25/32 inch staple yielding up tr> lun pounds lint per acre was 
obtained from good lieids. 4 In* exiM*niiu*ni indicated the possibilitv 
of fitting in an early while cotton variety in (. i rears and Ceded 
districts where marly twerny unllhai acu.- are annually cropped 
with groundnuts Ininch or -pnading type on fairly light soils. 
Similar scope also cxj<t> m oiln*r disn i, \v lu re the lain MAvings 
are adopted for growing it mixed with * i amhodia ’ or Karunganni 
varieties. 


Legume oti^rhirr. — Legumer* oceapy a feuh>uhaiy place m the 
farming system of inniiihatore di^tuct <ind do not figure in the 
garden land cropping und<*i well irng.a<<»n. The u/ianuii experi- 
ments on Camlxxiia eoiiun condiuied at tin* ( Oiion Jhwding 
Station, Coimbatore, during tin: earlici .rar> ol fhdo-dl sliuwed 
that the yielda of cuUon follow ^unnheiup, groundnut or fallow 
were always more than those recoidcd after sorghum, bajra or 
lagi. The praetkT cvuihi not h»* recsunmendMl since groundnut 
required more water than ‘-unm e*’ »»rgliuin and since the diller- 
ential effects were not uotict^rl t>n stuls having .slight alkalinity. 
Fallow and sunnhemp for gictui mamue were iinpructicahle systems 
as no farmer would Ic.so a ctuval crop. Hen<*e cluster beans in 
association with sorghum was tried aiiuuig other pulses like green- 
gnun, K^gram and eo\vpt‘a. 'UnuT was i depression in yield of 
sorghum when mixed with pulses other than elustt'r beans. The 
aftereffects on succ(*eding cotton were houtAn not fuHy deter- 
mined. The exf>erinient was therefore n^opened in order to assess 
the yield increases obtained in the succeeding cotton and to make 
a genera] recommendation to the fanners of the district, adopting 
aprghum-cotton sequence. The results snp[v>rtod the previous 
$hdi|^s that sorghum was not affected in mixed cropping and that 
^appreciated slightly in yield. 

: ' Ferietol nurture. — A mixture of karunganni and wppajM 

'gtomi by the ryot* of the ‘ Tinnies ’ area. In order to 
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find ont the efficacy of such a varietal miztare, experiments were 
conducted at the Cotton Breeding Btation, Coimbatore, during tiie 
^are 1986*42 with pure uppam, pure karungauni, maetmm of 
imunganni and uppam obtained from the lyots and alao anffieM 
Buxturee in definite proportions. The results conclusively pswed 
that the sowing of either pure uppam or a mixture of ktStmgOinm 
and uppam was less remunerative than the growing of 
harunganm. Obviously the growers of such a mixture are nuiM 
by the ^owy appearance of a certain proportion of bybrida thriving 
in such mixture. Another interesting finding in t^ eotperiaw&t 
was that in such a mixture, uppam had a ^tter aurvivid aalna 
than karunganni. 

Mixture of strains . — On accoimt of the simultaneoue spread of 
strains Cambodia 3 and Cambodia 4 in the Bamanathaporam dis> 
trict, natural cro.s8ing was found to take place and crop eexnns 
taken in ryots’ field during 1945 disclosed the existence of ofi-types 
of such inter-strain hybrids ranging from 13 to 38 per cent. These 
hybrids were variable in staple and weak in strength. The hybrid 
families synthesised from, this cross were also found to be very 
neppy and considered commacially unsuitable. This observation 
on the deterioration in quality through hybridisation, when two 
pore improved strains of the same species possessing more or less 
identical fibre {u-operties and spinning qualities were allowed to 
grow in a mixed state, brought out the fact that any recommen- 
dation involving mixtures of strains derived from different hybrid 
origins must be based on extensive studies on quality and perform- 
ance in later generations. 

Fumoamemtal Bbsbabch. 

The following aspects of fundamental research on the botany, 
pfaysiolc^y and genetics of the cotton plant were taken up and 
useful information added to our existing knowledge : — 

Developmental studies . — As a preliminary to the study of bud 
and boll shedding in cotton, the development of Cambodia variety 
and a hybrid derivative of Cambodia x Bourbon was studied ilw 
three seasons. The development of the cotton plant at Coimbatore 
was essentially the same as those found elsewhere- The plant 
produced two fiushes of buds and flowers and gave typical bimodBl 
eurves. The number of buds produced per flush was found to vary 
with the season and flush. The interval from bud to flower 
decreased from thirty-five days nt the beginning of the first flush to 
twenty-five days at the beginning of the second flush and remained 
stationary till the end, when again it began to lengthen. Tlw 
interval from flower to boll shortened from about sixty to folly 
days between December and April while it lengtbed ktiw. TheM 
periods were correlated with rise and fall of atmospheric teRtpSPlo 
tore. Only five to seventeen per cent of the buds matured foto 
bolls deposing on the s^ucm and flnidi. Among flbenei thU 
produced from mid-December to end JantoiTy ytm 
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efficient in developing into bolls. Although both buds and bolls 
shed> the loss in the former was greater than the latter in the hrst 
flush while the position was reversed in the second flush. Very 
young buds were the most liable to shed and the susceptibility 
decreased progressively after fourteen days. In the case of bolls' 
this critical period ranged from seven to twelve days after flower 
opening. , 

Locular composition , — -A study of the locular coiu[>osition in 
Cambodia cotton was undertaken with two strains. There was a 
seasonal fluctuation in the stigrnatic composition of the flowers 
produced on the same plant. Five locked bolls were generally 
produced early in the season. There was a greater percentage of 
shedding in the case of bolls formed from flowers with five stigrnatic 
faces. A p<jsitive correlation was found between the number of 
five locked bolls and the remaining number of bolls produced by 
a plant and the regression lines were found to be linear. There 
was a negative correlation between the number of ovules per lock 
and locular composition. Yet, the total number of ovules in a five 
locked boll was greater than m a four lucked boll. Variability in 
number of ovules was greater in a live locked boll than in a four 
locked boll. Lixular composition did not interfere with setting or 
maturation fieriud. The hapas weight per seed was least in a five 
locked boll and highest in a three locked boll. 

First fruitiHij fara;n7i. — A study of the position of the first 
fruiting branch and at difi’erent environmental conditions disclosed 
that the nature of the previous crop in rotation, manure applied, 
cultural operations during the season and time of sowing exerted a 
significant influence on the ekpressitm of this character. 

Leaf groutk, — The object of the study was to discover tlie 
relationship, if any, between the age of leaves and pniductivity 
with the several varieties of cotton. It was obaened that tlie leaves 
borne at the lower and topmost nodes w'ere sliorter lived than those 
produced in the middle zones. It was interesting to find an asso* 
eiation between the rate of movement of total nitrogen and leaf 
age ahd if the nitrogen was transported mure quickly, the leaves 
tended to drop earlier. The developiuent of the leaf w^as must rapid 
in the first ten days after unfurling and was practically nil after 
thirty days. The existence of varietal differences in age, position, 
nitrogen content and rate of growth was established. 

Opening of corolla and anthers . — A study of anthesis in cotton 
revealed that though the time of w’as mainly conditioned 

by the atmospheric tempeiiiture and humidity, varietal differences 
were distinct. Generally the American types were earlier than the 
Asiatics in the opening of both corolla and anthers. The anthers 
usually burst before the unfurling of the corolla in the exotic as 
also in some of the indigenous cultivated races of bengalense and 
Otfmmm in 0 . arhotSum and 0. herhaceuni var accrifolium in con- 
trast to races like indica and soudanense in G. arboreum and G- 
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kirsutum var punctaium where the bursting of anthers oocoired 
after corolla opening. The time of anther dehiscence was found 
to be considerably earlier in February-March than that in 
December-J anuary . 

Variation in number of anthers. — The chief indications in thia 
study were that ihe American t}peH had a greater number 
anthers than tlie Asiatics. The range was 12-lM in the former 
and 47-90 in the latter while there was a general tendency for tiie 
number to increase as the season advanced. 

Contdbesccitce of anthers. — Enijuiry conducted during 1929- 
31 with two ‘ Karunganiii ' pure lines revealed that the percent* 
age of contabascent anthers [ler dower was found to exhibit a 
periodic seasonal fluctuation. The early formed flowers were prone 
to contain a much higher percentage, ihan later formed ones due to 
the prevalence of higher temperature during the former period. 

. Flower shedding, motes, mis-shapen boll development and 
imperfect boll opening were some of the serioirs defects noticed in 
the cotton crop rai.sed in 1‘aliir. I’reliminaiy observations mode 
during the summer of 1945 showed that comahcscent anthers were 
the primary caiiM'. Systems of rotation, mixed cropping, or soil 
conectives failed to influence or lessen the shedding loss. Appli* 
cations of nitrogen, phosphoiie acid, boron, potash and lime had no 
effect either on contabc.sccncc or nlfiinate seed cotton yields. 
Varieties having an early flowering habit .suffered comparatively 
less than otliers which were late. 'I’he fiollen teased out from 
contabescent anthers were shrunken and ill formed. They stained 
browm with iodine, failed to burst when mounted in w'ater and 
appeared vacuolate. Such abortive development must have resulted 
Svom adverse environment at the time of tetrad foirnation. Meteoro- 
logical records and the incidence of sterility were studied on (he 
time scale and it was found that tin' period of greatest iKsiurrence 
coincided with the jjrevalencc of higher maximum temperature 
(100* F.) and low humiditie.s during the bud stage. It was therefore 
concluded that high temperature during polh'ii formation was detn- 
mental to normal development and resulted in contabescent antheiE. 
All varieties American and desi including wild cottons reacted 
similai'ly and any sort of varietal tolerance or resistance did not 
exist. Agronomic measures like shifti. to an earlier planting date, 
frequent watering, clo.se spacing and wind belts were tried fw 
ameliorating the ill-effccts of atmospheric temperature and humi- 
dity. December planted crop dodged the higli temperature period 
and recorded yield.s over 3,000 pounds seed cotton which was thrioe 
as much as March planted crop. The increase in yield was traoo- 
able to both increase in flower production and decrease in 
shedding arising out of contabescence. Irrigations at fire lay 
intemls reduced considerably the flower sliedding poBu^y 00 
account of an induced milder microclimate in such tratfanenlB. 
Plants screened with lhatUes and protected from dessioating anoAi 
did not suffer to the same degree as the plants kept in tiha 
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All varieties of American and desi cottons broke down when the 
critical temperature of 100" F. was reached. Henescf^nce V)ore no 
relation, to the degree of incidence, 'riie time lag of about a month 
noticed between the rise of atrnosplieric temperature and appear- 
ance of contahescence v\()uld po.ssiblv iruluMte that the deleterious 
effect was on tetrad formation and cell divjsion. 

The germination of seeds obtained from Falur cotton was 
generally very low of the order of bO per t'enr. The seeds wdien 
examined wc^e found to contain ill-filled and hollow seeds up to 60 
per cent. Knquiry at the ginneries and villages .s!i(3WC!d tliat the 
cultivators of South Arcot were aware of the })ooi’ \ rabilil} of 
produced in that tract and invariably used the imported set ds fn^ui 
the neighbouring districts. (inhryo was often found ill-deve- 

loped and discoloured. The mean weight of ^ced coal m good and 
hollow^ seeds were the same v^hile the c<uituits m tie* tv.o widely 
differed depending on the soundness of the -r(‘d. It was ;i ca^-c of 
arrested development of the embryo similar to }K;ll(*n abc«rlion. 
Manures and varieties did uni exf ri any influcnct^ on tlie o'currence 
of hollow seeds with jxjor viahiht>. It !•> }>rn!):ihlc that hi;.ih tem[je- 
ratnre at micro or mcgasporc formation is detrinumtal to their 
normal development. T)u* hnrvestc of early sown crop contained 
less motes, low proportion of bad I'npns and high percentage of well- 
filled and viable seeds, while tie* ( v*n\crs*‘ \Kd< m lOe planted 

crops. It would therefore he advantage<ius to >ow cdi\v in IVceinher 
and use the harve«;ts collected \ip to mid Ma\ f<>r sct^d purposes 

Pollm viability flowei buds due to open in a 
couple of davs were sent b\ post packed in etdlophane rolls over 
a distance of tiTa mile> invohing a turn* intor\a! of 14 htans. d'he 
pollen from these transjH)rte<i buds wrre dusted (tn to the em.t-eu!at»*d 
normal floweiN at the other end. The bid! Miimg w t.- Id ptu ceift 
of the total number of <*rus>es niad»^ rnui the contenH of sucli 
developed bolls were ipiitc norma! The mtUluvls wiW lu* (piite 
useful in breeding programmes inv»>lving inti nsivt* l!>bridiz ttion 
between geographically isolated races (>r NptH it‘s dilTermu in periodi- 
city of flowering. 

Doll studie>i , — Studies undertaki'n with regard to the dev<dop- 
ment of the boll and its contents'^ m f’anibodia revealed that the 
carpel was the first to (*eas(' growth, the t<*st.i conlnnitMl to grow 
only for a few davs more and the lint devih ped till the end of 
six wrecks. It was onlv the cmlwvo that added to dry wen:!its till 
the day of opening of the boll. 

*Seed coat p 0 ^mrahilitif. — A pliysiological studv of delaved 
germination in cotton traced tlic cause to impermeability of the 
seed coats in the hvbrid material Further ext^'nnients confirmed 
that the micropvle which was the channel for water intake in 
normal seeds failed to function and the nbsorntk'in look nla'*c onlv 
through the seed coat. Tt w^as also noticed that the existence of 
tmpty spaces due to ill-filling of the seeds in these hybrids, acted 
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as a great handicap in the absorption of moisture, as also the 
supply of requisite mechanical force for rupture of the seed coat. 

Water requirements . — Studies on the water requirements of 
Cambodia cotton were made for six seasons both in field and under 
pot-culture conditions. The requirement of water calculated* on 
the basis of yield of kapas was best at 80 per cent level while that 
calculated on the basis of dry matter was best at 40 per cent level. 
Two irrigations given at four weeks interval in the months of 
December and January were found to produce the ipost profitable 
yield. Irrigations given at regular intervals of one, two or three 
weeks were wasteful. The fifteenth, eighteenth and twenty-first 
week after sowing were found to be the critical periods requiring 
more water. 

Drought Resistance . — Determinations of leaf water contents 
at different periods of growth revealed that vppam contained 
more percentage of water than karunganni. However, no appre- 
ciable differences were noted between them in the osmotic pressure 
of root and tis.sue fluids of leaves indicating that the greater drought 
resi-ftant capacity of uppam was not caused by such differences alone. 
Root studies indicated that uppam had a deeper root system than 
karunganni wliich explained the comparatively higher droi^ht 
resistance of uppam. 

Studies in root respiration . — It has been experienced that 
most of the attempts made to grow Cainboilia cotton in rainfod 
black soils generally ended in failure. It was thought desirable to 
investigate the probable causes. The first i-nquiry that suggested 
itself was the comparison of respiration rates between Camliodia and 
indigenous cottons. It was stated by other workers that respiratory 
activities of higher plants are dejieiident on the content of hexose 
sugars in their roots and the data obtained here showed that more 
sugars were present in the roots of Cambodia than in those (tf 
uppam . 

Floral anatomy. ^T]^e anatomy of the flower with special 
reference to the organization of the vascular skeleton in the gytia^- 
ceum was studied in detail during the years 1^2-37 in all the 
important cultivated varieties and in four wild forma of both the 
old and new World groups of' cottons. Distinct differences were 
observed in the pattern of arrangement of the vascular bundles in 
the thalamus and gynaeceum of different varieties which were 
deemed as useful criteria for the classification of the cultivated 
cottons. They were divisible into five main groups, viz., three in 
new World corresponding to G. hirsutum, G. religiosum, ^nd G. 
harhadense and two in old World agreeing with G. aboreum and G 
herbaceum. Pattern was MendeUan and simple in inheritance, 
wild pattern being dominant over cultivated. 

Pollen With the object erf finding out the causeatfor 

the difference noted in the number of hairs on the seeds of a lock, 
a detailed examination of the ovules and seeds was made. It was 
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interesting to note that when once the pollen tube entered the 
ovule, it had the property of clinging on to the ovule even when 
the ovule was taken off the boll jn early stages. This observation 
was very helpful in further studies on the rate of ix)llen tube growth 
and the order of fertilization. It was found that the pollen tubes 
penetrated through the conducting tissues of the style and exhibited 
strong chemotropism when tfiey entered the ovarian cavity. In 
receptivity, ovular positions three, four and five reckoned from the 
top were earlier than others. 

Origin of lint and fuzz , — The study was undertaken to find 
out the causes on tlie fundamental differences between lint and fuzz 
hairs. Microscopical examinations of the ovular sections of differ- 
ent varieties disclosed interesting difference in origin and 
development of lint hairs. T'hese studies showed that fuzz hairs 
were sub-epiderraal while lint hairs were epidermal in origin and 
they reacted differently when treated with a strong solution of 
cupr-amrnonia. The sections from lintlcss and fuzzy seeded types 
confirmed the above finding totally. It was als(j found that the 
size of the respiratory cavity behind the stoniMta found on the seed 
coats had a bearing on the produet ion of fu/z and that the seeds 
in the middle of a lock [possessed the least amount of fuzz. 

A study of the formation, de\elopment and functioning of 
the stomata on cotton ovules in different varieties disc*losed them 
to he more concerned with respiration than with transpiration. 

Observation on ovules indicated that tin* variaiuui in number 
of hairs existed even before ffutilization and fresh croj^s of hairs 
were produced during boll maturation and the leaf hairs also behaved 
similarly. 

Variafiotvhi seed and lint freight , — Observations disclosed that 
the seed and lint \n eights decrea>(‘d as the season jvogressed and 
that there was some relation betu<‘en tfiese charact»'rs and jiosition 
of the seed in a lock. 

Partheiiogrnesis , — The production of a cross b«*tween \meri- 
can and Asiatic cottons was attempted at Coimbatore in tlie earlier 
years (1922-26'>. Tlu^ Asiatic variety was invariably used as the 
maternal parent. Tlie pollen of G. hirsutum supplied the neces- 
sary stimulus for the growth of the ovary till about the nineteenth 
day when the development of the lx>ll was almost ov(U*. A small 
percentage of setting was noticed in G. indicum and the few bolls 
that happened to he the outcome of partlienogenesis were much 
smaller in size and contained only one or two seeds. Pollen from 
(hirsutum x taimondii) hexaploid induced parthenospeiTny in 
Asiatic varieties up to ,<cven per cent. In crasges effected with 
pure arhoreum and interspecific first generation (arborrum x 
herhaceum) hybrids, the resultant progeny w’as similar to the parent 
the plant morphology and seed characters. A practical u.se is 
being made of this finding by inducing parthenogenesis in types 
and croBses which are desirable in other respects. A successful 
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exploitation of this method will shorten the period required for 
purification by several generations. 

Lint maturity, — Studies with regard to the immaturity of 
the hairs revealed that sliorter fibres in Karunganni contained 
higher per cent of immature hairs while Cambodia showed a larger 
proportion of unripe fibres in the longer group lengths. 

Lint colour, — The “ .Coconadas ” cotton is generally more 
‘valued for its colour and studies on lint colour disclosed the following 
features. During the period of boll maturation, the colour develop- 
ment commenced about a week piior to boll dehisctmce. Mature 
lint developed its full colour in the short period of one week and 
the colour expression of mature bolls removed from the plant and 
exposed to sun vras quicker than those retained on the plant. The 
storage of lint during a period of eight months did not materially 
change the original tint. The deeper tint was closely associated 
with the shorter staple and coarser fibre. There was apparently 
no relation between depth of colour and dye absorption. Fineness 
as reflected by fibre weight was closelv associated with high dye 
absorption but the property bad no relation to the ultimate tint. 
A study of the environmental effects on colour has been taken up. 

Germination. — In order to obtain cent per cent stand in 
experimental area, the method of dibbling accessory seeds of other 
crops having (luick germination in the same hole as cotton and 
covering them ’with either earth or sand was compared with the 
planting of cotton seeds only. It was observed that wlien bengal- 
gram or lab-lab or groundnuts or Uppam cotton was used as 
associates in the same hole,* the germination of Cambodia was im- 
proved by five per cent. If sand was used for covering the seeds 
instead of soil, a further increase of five per cent in germination 
was effected. In another set of experiments, the seeds obtained 
from season and summer picking were tested for germination and 
growth. Yield figures revealed no differences wdthin the same 
\ariety provided adequate safeguards were adopted for creating a 
good stand of the crop by use of either sound seeds or higher^ seed 
rate. 

Water absorption of germinating seeds, — A varietal study 
including Cambodia TO. 2 , Uppam 2405 and Karunganni C,1 
revealed the existence of two distinct phases of water absorption 
during germination. The initial phase of absorption is slower and 
ils rate is dependent on the availability of moisture in the surround* 
ing medium and is independent of the varieties. In the second 
phase the absorption is accelerated and is influenced both by the 
nature of variety and level of moisture. In all the varieties tested 
there was a considerably long period extending up to 28 hours at 
its maximum during which the process of germination coneisted in 
nothing but an osmotic intake of water. » 

Seed storage. — ^In order to find out the period up to which 
cotton seeds could be stored without reduction of viability, four 
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methods of storage involviug stocking in single versus double gunnies 
and monthly drying versus no-dr jing were tried using ail standard 
cotton strains, bamples were drawn every month for testing 
germination. The data collected for one year revealed that there 
was neither progressive increase or decrease in the percentage due 
to time lapse even though the monthly means differed significantly. 
The variations are attributable to factors like changes in air tempera- 
ture, humidity, soil temperature, etc. No differences betw^een 
single and double gunny or systems of drying were noticed. 

In another experiment to find out the effect of pressure on 
the viability of cotton seeds stored m twelve layers, it was found 
that the bottommost layer recorded a gerimnation percentage of 
69 only while samples from the other liags recorded 77 to 85 per 
cent. The lower germination of the seeds from tJie bottom most 
layer is ascribed to tlie mechanical pressure of the eleven bags above 
it and the hard floor below. A thick layer of sand at the bottom 
and stacking upto six bags are suggested as remedial measures. 

Quality deterioration studies. — Deterioration of quality in 
Cambodia cotton was expressed in 1934 and degeneration studies on 
Cambodia 2 revealed that the cry w^as jll-fouuded. The trend of 
lint length was examined for ten years from 1024 to 1031, but no 
decline was perceptible. 

Cheap selfing device. — Stitching the coiton hud before thej 
would open was the common method employed to prevent cross- 
pollination. Various methods were tried for quickening anci 
cheapening the process. Of the several methods tried, gumming 
failed when the buds were big in size ; glue though suitable for the 
purpose had to be ke{)t warm to prevent it from drying; and lint 
dipped in gum applied on the tips of flower buds proved very 
efficient. Clay, later substituted for gum, pro\^'d equally successful 
and its cheapness and ready availability were definite advantages 
overall the others, 'riiis metliod has been introduced in all breeding 
stations and has considerably kept down the cost of inalerial used 
for selfing. 

Induced mutations. — Keseurch on this item was taken up with 
the idea of producing progressive mutants useful fur l)r('eding. This 
was sought to be achieved by exposing dry and geriniuating seeds 
to X-rays, dry seeds and young seedlings to I\ontgen rays, by sub- 
jecting to heat or low temperatures and by ctuitrifuging Jio 
seedlings. No progressive mutants were obtained. However, three 
recessive mutants — two chlorophyll deficient and one ineristic — and 
one dominant single lobe leaf mutant were found to occur in the 
second generation. 

Cleistogamy. — A cleistugamous mutant was spotted in an 
interspecific hybrid during the year 1948. The petals having a 
natural cleft at the broad top get interlocked in the normal aestiva- 
tion, The character W’ould be extremely useful if it could be 
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employed in flagging all the improved American cottons so that 
contamination and deterioration thi’ough vicinism could be totally 
prevented and the present expenditure and care bestowed in ©elf* 
fertilisation avoided. Being a recessive character, detection of 
off-types in the field would also be very easy. 

Variation in Mendelian Ratios. — The cotton bolls are normally 
gathered for six weeks during which period it is possible that the 
wide fluctuations occurring in the environment may influence the 
proportion of different kinds of gametes formed and affect the 
Mendelian ratios recorded in the early and late harvests of the 
FI hybrids. A simple character like flower colour and easily 
identifiable genotypes like female sterility and super-numerary 
condition of the floral parts were studied. The data collected showed 
that the time of production of bolls had no influence on the mode 
of segregation. 

Heterosis, — Hybrid corn is possibly the only outstanding 
example in the field of practical utilisation of heterosis in crop im- 
provement. The preliminary experiments on heterosis in cotton 
involving interspecific crosses of hirsutum and barbadcnse revealed 
heterotic effect in staple length, fibre weight and spinning value in 
the irrigated series (Cambodia x Egyptians) and seed cotton yields 
in the unirrigated trials (Cambodia x South American perennials). 

Experiments conducted on arboreum x lierbaceum hybrids 
revealed pronounced heterosis in plant height, yield of seed cotton 
and lint length. An intervarietal, inter and intraspecific crossing 
programme covering the four cultivated species, viz., G, barbadensc , 
G. hirsutum, G, arboreum and G. herbaceum, was put through in 
1948-49 for a comprehensive study of heterosis in cotton and 
exploring the possibility of utilising outstanding combinations for 
extension work. 

Vegetative propagation of cotton.— The problem of high cost 
of hybrid seed was against the exploitation of hybrid vigour in the 
same manner as maize by harnessing heterosis for increased produc- 
tion. Experiments were therefore conducted on the vegetative 
propagation of stem cuttings in order that the hybrid stock plants 
might be used in the same manner as horticultural types. Synthe- 
tic plant hormones which induce rooting in subjects normally failing 
to root as cuttings, were used to treat the first generation hybrids. 
The commercial products Seradix A and Seradix B (three forms) 
were employed in strengths and lime intervals recommended by the 
manufacturing firms. The observations showed that the cells at the 
cut ends exhibited tendency to produce a larger number of rootlets, 
and the shoot-growth developing from treated cuttings were more 
than the untreated control. Seradix ^2 was found to be the best 
for cotton. The growth and yield of such treated cuttings were 
found to be satisfactory. Experiments on a field scale were equally 
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encouraging in that thick size cuttings from main stem possessed 
as much growth and productivity as seed planted crop. 

Genetics. — The inheritance of dwarf characterised by shorten- 
ed internodes was simple. The genetics of the character-position 
of the first fruiting branches studied in two crosses indicated multi- 
ple factor hypothesis. A single pair of factors controlled the segre- 
gation of crinckled leaf mutant. A twisted leaf curl mutant found in 
I X C99 behaved as a recessive to normal G. arboreum, but was 
subjected to modifier effects in G. herhaceiim crosses. Two mutants, 
one with practically no ovary or boll and the other with bolls with 
single lock behaved as monogenic recessives to normal. It 
interesting to note that these mutants tended to bear a fewer 
number of petals, which were inherited independent of genes 
affecting leaf lobing and flower colour. Lintlessness and glabrous 
ness were found to be recessives to linted and hairy respectively. 
Lintless haiiy and lintless glabrous were complementary yielding 
a ratio of two to one for linted and lintless types. The behaviour 
of petalody followed the law of blending inheritance with incomplete 
domiuMice in Fj. The meristic variant obtained as a result of 
exposing pollen to X-ray was a simple recessive to normal. Segre- 
gation of the colour of pollen was studied in both intervarietal and 
interspecific crosses in two Asiatic cottons, viz., G. arboreum- 
race indicum and G. herhaceum var accrifoUum. Buff pollen 
behaved as a recessive to yellow pollen. Three factors were found 
to control the inheritance of lint colour in Asiatic cottons. The 
behaviour of two chlorophyll deficients, viz., xantha and albino was 
simple but the albino was epistatic to xantha when both occurred 
together. Studies on the inheritance of fan and filament colour 
were inconclusive as seasonal and diurnal variations were noticed 
to influence their expression. The study of inheritance of three 
new characters found in the survey of the Cocanada area sliowed 
that fibre immaturity ’’ was a simple recessi\e to mature/' 
Ghost petal spot was homologous uith -B 2 described by other 
workers and its occurrence in a new tract supported the theory of 
Godavari district being a possible secondary centre of origin for 
arboreums. The new type of incomplete boll dehiscence was a 
monogenic recessive to normal and behaved as complementary 10 
Wagad type of boll opening. The inheritance of lint colour m 
Cocanada*$ cotton was studied and adequate information on the lint 
colour status of the Cocanada area was gathered. In the study of 
genetics of four “ dwarf mutants in indicum. “ Coimbatore 
dwarf behaved as a monogenic recessive lo normal in both 
jrhoreum and herhaceum crosses. ** Anahapalli dwarf " was a 
simple recessive to normal while it behaved as complementary to 
Cocanada dwarf “ Cocanada dwarf " and “ 17r>7 dwarf ’’ 
represented independent mutations at the same locus. The chara^*- 
ter ** sparse lint which behaved as a simple recessive to normal, 
was yet another new addition from the highly variable Tocanada 
centre. 
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Baw cottpn is valued ip trade for its quality wMch is largely 
determined by fibre characters. The cotton work in Madras has 
therefore included in its prograpapie the improvement of qWUty 
and a technological section working under the Cotton Specialist, 
Coimbatore with the financial assistance of the Jhdian Central 
Cotton Committee provides fw the close liaison between the 
Technological Laboratory, Bombay and the cotton breeder in all 
stages. Bqutine tests on the cottpn fibre by the standard methods 
are carried' out and selections based on mean staple length, fibre 
maturity and fibre weight are normally made at the several cotton 
research stations of the State. In addition to such routine tests, 
other fundamental aspects of fibre technology have been tackled 
from time to time. The following in brief summarises the results 
obtained so far : — 

V 9 riatiQn in the meamrflhle charaetm of cotton fibres. — A 
systematic study of the variaticms within a seed, between seeds in 
a lock, between locks, between bolls, between weekly pickings, 
between the first and second flush of bolls, caused by irrigation, 
spacing, rot.atipn, manurial treatment, place of growth, between 
length groups and between maturity clwses of fibres was made. 
The results disclosed the existence of lafge variations on the s^ 
surface. Although there appeared to be some differences between 
the seeds in the locks, the variation due to the composition of the 
locks and bolls was not appreciable. The age of the plant influ- 
enced the variation. Tfie difference between the weekly pickings, 
however, was not large except jn the end pickings, but between the 
season and kar flush of bolls it was considerable. It was also 
seen that irrigation, spacing, rotation and manorial treatments did 
not induce any large variation. The influence of climate taken as 
a whole appeared to be appreciable, judged by the difference within 
a tract when the seasonal factors fluctuated considerably. Tempe- 
rature and solar activity were the main causal factors. The 
general trends were towards a large variation withjn a seed than 
between seeds composing the sample indicating thereby that the 
heritable influence was bigger than the environmental effect. It 
was also found that (a) in a lock^qf cotton, the weight of lint com- 
posed mostly of cellulose was greatest jn lower , seeds ,nes,r the 
source of food supply while the weight of embryo composed pf 
proteins, fgts and minerals was highest jn the upper hull situated 
further from the source of food supply, and (b) the variation .exhi- 
bited by a bulk aaipple of cotton was in no way greater than thnt 
present in a eingde seed of the same bnlk. 

The clinging potoer of eottmmd4he number of conooteOiona 
per centimetre. — ^In the cemme of MEMHioAtion of cotton obtained 
from weekly picking, it w»s<f(Mtndi^ait there was a lu>ge variation 
in the number of convolutimis per centimetre. It had been foiuri 
by other workers that the clinging power of cotton fibres depended 
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upon such convolutions. Eesults of investigations on samples of 
Cambodia 2 drawn from weekly pickings revealed that (a) the 
clinging power was maximum when the samples of fibres for test- 
ing apd forming the pads were drawn from the same lot but when 
the convolutions of the two were different, there wae always a fall 
in the dinging power, (6) in consequence of the above findings the 
strength of soft twisted yams tended to increase when cottons 
posseteing nearly the eaine number of convolutions were selected 
for mixing, and (e) when the fibres for pads and tests were ^Jerived 
from identical samples, the clinging power bore no relationship to 
the convolutions indicating thereby the absence of correlation 
between yarn etrength and the convolutions. 

Number of fibres on a cotton seed , — The average number of 
fibres per seed w-as determined in two strains according to four 
different methods. The results indicated that, where considerable 
accuracy was not needed, the ordinary cutting method could be 
employed with a positive correction of two to three per cent. This 
rnethbd consisted m dividing the lint weight per seed by the 
product of the mean fibre length and the mean fibre w^eight. 

Harvesting and Yields. 

The practice of picking clean kapas from well dehisced bolls is 
prevalent to a large extent in the Cambodia and “ Tinnies tracts 
where the harvests are early. In parts of Salem district, fully 
ripe but partly dehisced bolls are harvested, dried and kapas 
extracted later. This method leads to deterioration in quality of 
the produce which is packed in a partly wet state. In the Coca- 
nada area, sometimes the burst bolls are plucked with capsules and 
kxipas leisurely separated in shade. The harvests are delayed in 
the westerns area due to dearth of labour at harvest time and 
consequently the produce dropping on the ground gets dirty and 
mixed with dried leaves and twigs. Similar defects aleo result from 
delayed pickings done during hot hours of the day. The propaganda 
done for dean picking cotton free from dirt and leaves, has not 
effected so far any change in the farming habits of dry land culti- 
vators. 

The normal yield levels of Madras cottons are presented in 
Statement No, 6. 


Statement No. 6. 


▼anetj. 


(b) ilbrigated oambodia — 
Oohnbftota 

• • • • 

Tirmielvdi’ 


Normal yield af 
Ikit per acre 
in lb. 


300 

280 

276 

260 

300 

260 
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Variety. 


Normal |4eld of 
Uat per am 
in Ib. 


(6) Uxiirrigated cambodia — 

Ooimbatore 126 

Salom .. 100 

Tiruchirappalli 100 

Madurai - •• 120 

(c) Tinmws including Karunganni 108 

{d) Upt&in 66 

(e) Nadam and Bourbon . . . . 20 

(/ ) White and Red Northerns 60 

(^) Westerns 60 

(A) Warangal and Cocanadas . . . . . . . . 76 

(i) Chinnapathi 60 

The acre yields from irrigated cambodia in Madras compare 
favourably with those recorded in other irrigated tracts of India 
and two major cotton growing countries of the world. 


Statement No. 7. 

Place. 

Madras 

Punjab 

Sind 

Mysore 

America 

Egypt 

Ginning and Storage. 

The seed cotton harvested from the fields i.s usually stored in 
big gunny bags called borahft, but in seastuis of brisk trade, the 
cotton is sometimes carted loose in open country carts to the 
ginning factories. The number of ginning and pressing factories 
in Madras which was 257 in the year 1923 has nearly doubled in 
the span of twenty summers and the actual number in 1946 is 484. 
Most of the cotton gins are of the roller type run on electric or oil 
power. The hand model country wooden gin is however used in 
remote villages where hand-spinning and weaving are still in vogue. 
Some of the ginning factories own presses also and the lint is 
usually stored for some time before being pressed into bales of 
392 lb. nett. If the weather is unusually dry, water is sometimes 
sprinkled on the ground or directly on the cotton. Deliberate acts 
like mixing various varieties and qualities, cotton waste, seed and 
foreign matters are other malpractices prevalent during the process- 
ing stages in gins and presses. The Ginning and Pressi^ Factories 
Act (Act XXn of 1925) as amended recently seeks ' to prevent 
adulteration, watering and presence of seed or leaf above a speci- 
fied proportion. The lint pressed into bales or kept unpressed is 
sold to the mills for consumption or to merchants for export. The 
seed is purchased by mandies for sale as cattle feed and towtag 
seeds. The cotton grower does not retain seed for sowing purposes 


Yield of lint per 
acre in lb. 

271 

196 

220 

200 

267 

630 
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as he usually sells his produce as seed cotton.^ Except the enligh 
tened ryote who use the improved seeds produced by the Agricul- 
tural department, the rest of the growers purchase bazaar seeds 
of daubtful purity for planting. 

The cotton seeds are usually stored in gunnies and the bags 
stacked in layers. Experiments on storage conducted at Koilpatti 
have conclusively proved that for ensuring good germination, the 
jyags should not be stacked in tiers exceeding six. A thick layer of 
sand spread on the hard floor prevents deterioration of the bottom 
layer ot bags. Periods of storage up to one year did not affect 
germination percentage. No difference between storage in single 
or double gunnies was noticed provided restacking was done 
periodically. 

Cotton seed and its feeding value , — In the pre-war period the 
cotton seed production of this State was roughly estimated at 
2-0 lakh tons of which barely 16,000 tons were used for planting 
purposes, leaving the hulk of it for consumption as cattle feed. 
The post-war production figurdfe have been fluctuating round about 
1'25 lakh tons of seed due to curtailment of area under cotton. 
After meeting the needs for planting purposes, the rest of this 
quantity falls far short of the requirements for the twenty-two 
million heads of cattle in the State. Cotton seed oil is not extrac- 
ted in India as yet, and the seeds serve as a rich source of concen- 
trates for the ill-nourished livestock, the mainstay of Indian agri- 
culture, Cotton seed has all along been recognized by the farmers 
as one of the most abundant sources of protein of very high quality. 
Any inciease in cotton seed production will therefore help in build- 
ing up aiiJbetter health of Indian cattle. There is a belief current 
among ryote that the more fuzzy American is less nutritive than 
desi seeds, but it has been dispelled by nutrition experiments con- 
ducted elsewhere in the Punjab. The analysis figures for the seeds 
of improved varieties given below support the above findings. 


Statkbocnt No. 8. 


VariMy. 


Combo- 

Cambo- 

KaniD- 

Karun- 


dia 2. 

dia 4. 

gaxmi 2. 

gaimi 5. 

Moisture . . 


7-45 

7-31 

8-00 

8*10 

Prutem 


1837 

20-18 

17-19 

16*94 

Ether extraotives 


22-96 

23 00 

17-14 

17*00 


Seed Multiplication and Distribution. 

The, multiplication and distribution of improved seeds consti- 
tute the immediate extension work of breeding research. In a 
commercial crop like cotton, the quality standards built up in the 
im^oved strains can be kept up only if a high degree of purity is 
maintained at every stage. For such a purpose special organi- 
zations are necessary. The stages of multiplication in Madras are 
briefly outlined below. The seeds of improved strains which are 
evohred after years of breeding research and concurrent yield tests 
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in cultivators’ lands are first multiplied in ‘ nucleus ’ plots in the 
regional research stations. The cross-pollination is prevented by a 
process called ‘ selfing ’ and any odd off types are removed. These 
seeds are multiplied in the second stage on what are called ' inner 
seed farms.’ These are arranged on the lands of influential and 
trustworthy landlords who bind themselves to use the pure seedS 
sold by the department, to allow roguing of the crop by the Agricul- 
tural Officers, to gin the produce under departmental supervision, 
and to sell the entire seed back to the Agricultural Department 
usually at a small premium over the prevailing market rates. 
These seed farm ryots are also given small crop advances towards 
cultivation expenses which are recovered at the time of seed pur- 
chase. The seed from sucE inner seed farms are then distributed 
by Departmental staflE to wfiat are called ‘ outer seed farms.’ The 
produce of the outer seed farm is carefully ginned under the 
same strict supervision and the seeds collected' therefrom after 
cleaning are made available to the public as certified seeds. The 
seed farm ryots are also helped m thp disposal of pure lint. 

Special schemes for the multiplication and distribution of 
improved seeds have been initiated from time to time as and when 
improved varieties are released from breeding stations. The Indian 
Central Cotton Committee bear a portion of the expenditure in 
seed schemes during the first four years in order to make good 
seeds available at fair prices. The following are the several seed 
schemes that have been or are still operating in this State : — 

(a) The Madras Co. 2 Distribution Scheme . — In November 
1929 the Indian Central Cotton Committee sanctioned the Madras 
(Tiruppur) Seed Extension Scheme, the object of which* was to 
provide for a period of five years, the pay of an officer to act as 
an adviser to a group of co-operative societies in Coimbatore dis- 
trict which was growing improved strains of Cambodia cotton and 
to help the Agricultural Department in their seed distribution 
work. The scheme started in 1931. In 1933, this schema was 
amalgamated with Tiruppur Co. 2 (Cambodia) seed extension 
scheme sanctioned by the Indian Central Cotton Committee in 
1932 for a period of five years for the distribution of Cambodia 
Co. 2 seed in Salem and Coimbatore districts through the agency 
of Madras A^icultural Department and the Tiruppur Co-operative 
Trading Society by organizing a seed multipEcation area of not 
less than six thousand acres and distributing pure seed for one lakh 
acres every year. This scheme closed in 1937 after working for a 
period of six years. The area under seed farm and production of 
seed in 1932 and 1937 are given beloTw: — 

STATBMBira No. 9. 

Actual area Production of Sufficient 

Year. under peed seed in maunds to grow 

farm. of 24idb. eerea. ^ 

1,739 . 19,944 20,000 

6,3^ 52,684 {9,000 


1932-33 

1937-38 
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' In January 1938, was sanctioned a skeleton scheme for 
ancrther year to help the Tiruppur Co-operative Trading Society, 
which terminated in 1939. The work was later taken up under 
departmental auspices from 1941. Since the year 1949 a combined 
scheme for Cambodia-2 and Karunganni-5 is operating at Tiruppur 
for producing and distributing 10,000 bags of pure seeds of these 
varieties. 

(b) The Madras Co. 3 Seed Distribution Scheme. — Cambodia 
cotton grown in Salem had a bad reputation and was quoted low in 
Tiruppur market. The quality of kapas and the viability of seeds 
were always at a discount due to the practice of harvesting unripe 
bolls. Improved strain Cambodia-3 (Co, 3) came up well in both 
irrigated and rainfed conditions and fetched a premium in the 
market. It was estimated to fetch an extra profit of lis. 25 per 
acre. A scheme was sanctioned in the year 1942 to multiply the 
seeds and to help the spread of the strain in Salem district. At 
the close of the scheme in 1946, an area of 31,000 acres was 
covered by the pure seeds produced and sold through the depart- 
ment and sales societies. The estimated extra profits realized by 
the cultivators by way of premium worked out at sixteen lakhs 
rupees at the end of four years. 

(c) The Madras II-l Cotton Seed Distribution Scheme. — The 
object of the scheme was to organise the seed multiplication and 
distribution of Westerns-l cotton seed over two lakhs acres in the 
fourth year in three centres at Adoni, Guntakkal and Bellary of 
the Westerns area. The Agricultural Department was maintain- 
ing an area of 3,000 acres for the multiplication of Westerns-l 
seed and the seed obtained from it was being utilized for sowing 
the outer seed farm area under the scheme. For the large scale 
production, the tract was divided into three units and the seed 
farms sown in those areas w'ere supervised by the Agricultural 
Department, rogued, the produce collected and ginned, and the 
lint sold through co-operative societies. The cleaned seed obtained 
from the produce was handed over to the societies for sale. The 
progress of the scheme was not satisfactory due to difficulties in 
sale of outer seed farm produce. Some modifications were found 
necessary in the existing marketing conditions and the scheme was 
prematurely closed in 1946 after running for four years. It is now 
running as a departmental scheme on an area of 5,000 acres. 

(d) The Madras Karunganni Cotton Seed Multiplication 
Scheme in Bamanathapuram and Tirunelveli districts. — The 
object of the scheme was to distribute Karungamii-1 seeds to cover 
an arda of 3*5 lakhs acres yi the districts of Bamanathapuram, 
Madurai and Tirunelveli. The inner seed farm was run by the 
Agricultural Department and the outer area w^ managed by the 
Co-operative Societies of Koilpatti, Pudur, Tuticorin, Sattur and 
Arui^ukkottai. The seeds produced by the Agricultural Depart- 
ment were purchased by the co-operative societies for. issuing to 
the seed farm cultivators under their control. The pure seeds 

AJi,— 4flA 
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from the outer area were purchased by the societies and sold to, the 
cultivators in the general area. This scheme operated from 1945 
to 1947 and was terminated due to the deterioration of Kamn- 
ganni-1 seed. Steps were later taken to multiply the strain K-2 
from 1948. During 1948-49, 1,300 acres of K-2 seed farm were 
arranged and in the next year 10,000 acres were fixed as the target. 
Jiowever, as a result of the adverse season only 5,800 acres were 
covered. The work has since been intensified and combined with 
Uganda-1. 

(c) The Madras 011-2 (K-S) Seed Multiplication Scheme . — 
The object of the scheme was to extend the cultivation of the 
improved strain K-5 over an area of one lakh acres in the rainfed 
regions of Coimbatore district. The scheme has been operating 
from Palladam in Tiruppur area since 1946 and has merged witn 
the combined scheme for Cambodia-2 and Karunganm-5 since 1949. 
The ultimate object is to cover 10,000 acres under seed farm and 
produce about 10,000 bags of pure seeds for distribution in the 
Karunganni zone of the Cambodia tract. This will help in the 
ultimate unification of the entire Karunganni area under one 
variety capable of spinning 30’ s^ warp. 

(/) The Madras Combodia-l Cotton Seed Distribution and 
Marketing Scheme . — The variety Cambodia-4 (Uganda-1) culti- 
vated during the summer season in the districts of Bamanatha- 
puram, Tirunelveh, Madurai and South Arcot under irrigation 
was not pure and the cultivators consequently did not realize the 
normal premium. A scheme for the multiplication and distribution 
of Uganda-1 seed was initiated in the year 1948 at Srivilliputtur, 
with the object of ensuring an assured supply of pure seeds to the 
entire summer area and for extending the cultivation of this strain 
to cold weather areas also. In the second year of the scheme about 
400 acres in the inner seed farm and 4,000 acres for the outer 
area were covered with a production of about 9,00Q bags of pure 
seed for distribution in 1950-51. The quantity would meet the 
requirements of the entire Masipattam area. 

(g) The Madras Cocanadas-1 Seed Multiplication and Distri- 
bution Scheme . — A scheme for the multiplication and distribution 
of Cocanadas-1 seeds in Guntur district was sanctioned in the year 
1948 with the object of replacing local cotton. The spread of the 
improved strain will replace inferior qualities and mixed bulks. 
In the year 1948-49, 1^ acres of seed farms were raised and it 
was ultimately possible to collect harvest from 162 acres only. 
During the year 1949-50, an area of 1,000 acres was maintained 
against the projected target of 3,000 acres. It is expected to attain 
the full target in the next season. 

,Thb Cotton Committbbs. 

The Indian Central Cotton Committee was constituted in 
March 1921 on the recommendations of an All-India Cotton 
Committee presided over hy Sir (then Mr.) James Maekennft ] 
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Originally it was purely an advisory body but later, on its incor- 
poration un^er the Indian Cotton Cess Act in 1923, it became an 
independent administrative body having at its disposal funds 
which, with the prior approval of the Government of India, 
could be spent for promoting research in the interests of the 
Cotton Industry in India. The chief functions of the Committee 
are to finance and direct research work on the problems connected 
with the improvement of Indian Cotton and to advise the Central 
and Local Government on all matters relating to the mainte- 
nance of quality. The work includes in its purview the develop- 
ment of the methods of growing, manufacturing and marketing of 
Indian Cottons. The members of the Committee include grow- 
ers, agricultural officers, traders, spinners and manufacturers 
facilitating mutual co-operation on the many problems affecting 
cotton and cotton trade. The full committee usually meets twice a 
year. The funds at the disposal of the Committee are allotted for 
research on cotton problems including botanical, entomological, 
mycological and physiological schemes and extensioTi and market- 
ing of improved varieties of cotton in various tracts. Eesearch on 
cotton technology and comparative spinning tests on new varieties 
of cotton are conducted at a well equipped Technological Labo- 
ratory maintained by the Committee in Bombay. In Madras, the 
Committee has financed ten breeding, eight seed distribution and 
two miscellaneous research schemes during the past twenty-six 
vears, involving a total expenditure of B'5 lakhs of rupees. It has 
been computed that the growers of the improved varieties earned 
an additional income of Tls. B9 lakhs in one year (1947-48) as com- 
pared with the total expenditure of Es. 8 5 lakhs incurred by the 
Committee as subsidies for the various schemes during the past 
twenty-six years. 

The Indian Cotton Committee on whose recommendations the 
Central Cotton Committee was formed wnth headquarters at 
Bombay, proposed further that State and local eub-committees 
should be formed to work in co-operation with the Central Cotton 
Committee. A State Committee at Madras and local Committees 
at Nandyal, Bellary, Guntur, Tuticorin and Tiruppur for the' 
Northerns, Westerns, Cocanadas, Tinnies and Cambodia tiacts, 
respectively, w'ere constituted in 1922. These committees were 
primarily intended to act as connecting links between the cotton 
growers on the one hand and the spinners, giuners and exporitrs 
of cotton on the other, their most important function being to 
check, in co-operation with the Central Cotton Committee at 
Bombay, mal-practices in ginning and pressing. All interests 
are represented in the different committees and in the State 
Cotton Committee, the Director of Agriculture and the Cotton 
Specialist are the Ex-officio President and Secretary. All 
schemes for cotton improvement work and other matters of 
special interest like establishment of market committees, policy 
with regard to jwice fixation, seed distribution, area extension, 
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curtailment of area under short staple styles and prevention of 
mal-practices in trade are considered at the meetings. The 
Begional Deputy Director of Agriculture is the Bx-officio President 
of the local Cotton Committees. 

Legislation. 

The deterioration in the quality of cottons produced in the 
Madras State was found to be due to the ravages caused by 
certain insects, the wilful adulteration by the mixing of different 
grades of cotton and to a limited extent to natural cross pollina- 
tion. Unlike rice and millets, the cotton grower does not retain 
his own seed material for sowing purposes as he usually sells his 
produce as kapas. He has, therefore, to depend for his seed 
material on ginneries and merchants in the bazakr. The local Gov- 
ernment realizing his difficulties have enacted various legislative 
measures in order to minimise the spread of insect pests on 
cotton, to prevent adulteration with inferior t 3 rpes, to prohibit the 
cultivation of low grade cottons and to discourage various mal- 
practices in ginning and pressing factories. These have been 
done in the interests of both the producer and the consuming 
mills so that the former may get the maximum price for his pro- 
duce and the latter may be assured of an uniform quality -of 
cotton. 

The extension of the provisions of the Madras Agricultural 
Pests and Diseases Act, 1919, to two insect pests, viz., stem weevil 
and pink boll worm marks the earliest of such legislative measures. 
Further Acts for controlling quality by preventing cultivation of 
low grade cotton, and by regulating markets, transports, ginning 
and pressing factories mark distinct milestones in the legislative 
sphere. The objects and main provisions of these enactments as 
also their defects and utility are briefly summarized below : — 

(a) The Madras Agricultural Pests and Diseases Act of 
1919. — ^This act as amended later applied to two insect pests, 
Platyedra gossypiella and Pempherulus affinis attacking Gossipium 
hirsutum under which Cambodia and Pachanadan varieties are 
included. The Act required cotton in the notified districts of 
Coimbatore, Salem, Tiruchirappalli and Madurai districts to be 
pulled off the ground and allowed to wither before 1st of August. 
This was enacted on- the basic idea of starving the pest through 
the compulsory removal of G. hirsutum in a wide belt of the notified 
districts. Later modifications, in the operation of the Act, by 
way of extending the date of pulling by one month, granting exemp» 
tion to limited pockets of cultivation in the administered area and 
failure to enforce the- Act in certain fields in the notified zones, have 
defeated the object of the Act. 

A review of the operation of the Act by the Govemmeot 
Rntomologist, after a lapse of nearly fifteen years of enforcement, 
revealed that the pest (jiamage to crop remained unchanged. The 
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recent, intensive research in Madras on the stem Weevil has 
brought out the existence of innumerable host plants which occur 
everywhere in wild state, the susceptibility of desi cotton, which 
are exempt from the Act and the longevity of the adults, i.e., one 
month which is longer than the present “ uo-cotton ” interval. 

(b) The Cotton Transport Act (Act III of 1923). — The 
object of this Act is to provide for the restriction and control of 
the transport of cotton in certain Well defined zones so that the 
quality and reputation of cotton grown in such protected areas 
may be maintained. Under this Act, “ cotton ” is defined as 
ginned and unginned cotton, cotton waste, cotton seed, in fact 
every kind of unmanufactured cotton. The protected areas for 
cotton in this State are (1) Northerns and Westerns Area consist- 
ing of the districts of Bellary, Anantapur, Cuddapah and Kurnool 
(except Markapur and Kunibum taluks), (2) the Cambodia area 
comprising of the districts of Chingleput, South Arcot, Chittoor. 
North Arcot, Salem, Coimbatore, Tiruchirappalli, Tanjore and 
that portion of Madurai-Ramanathapuram districts, outside tlie 
Tirunelveli area referred to below and (3) Tirunelveli area, com- 
prising of Tirunelveli district and portions of Madurai-Rama- 
natbapuram districts lying to the west and south of Kothagudi 
river, the east and south of Vaigai river and portions of North 
Vaigai river, bounded by the Periyar channel up to Melur and 
thence by the Melur-Sivaganga-Manamadura Road. 

The Act prohibits the transport of cotton hapas, ginned 
cotton or cotton-waste to a station in any of the protected areas 
from any station outside the protected area, by road, rail and 
river. This Act has been helpful to a large measure in checking 
the mal-practices regarding mixing inferior types with quality 
cotton and passing off as quality produce by the trade. 

^c) The Ginning and Pressing Factories Act {Act XXII o; 
1925). — This Act has for its objects the better regulation of 
cotton ginning and pressing factories in the whole of India. This 
Act requires the owner of every cotton ginning and pressing 
factory to maintain a register in the prescribed form, showing 
dates, names of persons for whom ginning or pressing is done, 
with details regarding quantity ginned or pressed. Further the 
owner of such factory shall cause every hale pressed in his. pre- 
mises to be marked in the prescribed manner. In additon, 
weekly rejums for each season, commencing from Ist of 
February of every year are required to be submitted to the 
Director of Agriculture who consolidates the data for the whole 
State. The Act further provides for the standardization of 
weights and measures For cotton transactions in all places. Then 
it has been useful in regulating the gins and presses and in ensuring 
greater accuracy in cotton production statistics. It has recently 
Wr amended to prevent adulteration of varieties, deliberate 
watering and mixing seed, leaf and foreign matter. 
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(d) The Madras Ovmmercial Crops Market Act, 1983.— 
The Act, with its later amendments, is to provide for the Detter 
regulation of the buying and selling of commercial crops in 
Madras State and for that purpose to establish markets for the 
same. The Act has so far been applied to cotton in the districts 
of Coimbatore, Bellary, Anantapur and Kurnool. The market 
committee set up for each of the above places shall consist of not 
more than twelve meujbers elected from (1) the growers and (2) 
traders as may be fixed by the Government. The Committee has 
powers to enact bye-laws, to regulate market prices, including the 
conduct of proceedings, fixation of tare, commission, trade 
allowances, standard weights, etc., and the checking of the scales 
and weights. 

• (e) The Madras Cotton Control Act {Act VII of 1932). — 

The Act of 1932 had for its object the prohibition of the cultiva- 
tion, mixing or to prohibit or restrict the possesion or use of, or 
trading in the low grade ^ piilichai ’’ cotton (G. roseum) either 
in a pure or mixed form. The Act was enforced in the districts 
of Madurai, Ramanatbapuram, Tirunelveli and Coimbatore. This 
Act empowered officers of the Agricultural Department to seize 
pulichai cotton from any premises where it was being mi^^ed or 
grown, and to prosecute the offender by preferring a complaint 
to the concerned District Magistrates after obtaining the sanction 
of the Director of Agriculture. As a result of the intensive propa- 
ganda and numerous prosecutrons launched against offenders in 
the earlier years, Pulichai cotton has almost been eradicated and 
stray cases only are being reported of late , 

(/) Restrictions imposed on the cotton cultivation during 
World War II. — ^In order to maximise food production during 
the pendency of the war, the Madras Government, under the 
powers vested with them by the Defence of India Rules, restricted 
the cultivation of short-staple cotton in certain areas of the*8tate. 
In the Ceded districts of the Madras State, the. cultivation of 
‘ Mnngari ’ cotton except as a mixed crop in the proportion of 
one line of mungari to two lines of food crop was enforced on and 
from the 15th June 1943. Similarly the cultivation of Burada- 
pathi in Visakhapatnam district was prohibited from Ist July 
1944, and in its place food crops were ordered to be raised. The 
cultivation of cocanadas cotton in Guntur district was also prohi- 
bited from 1st January 1944 except as a mixed crop in the pro- 
portion of 1 : 2 with food crops. In order to compensate for any 
loss that may be sustained by the cotton grower, a bonus of Rs. 4 
for every acre diverted from short-stapled cotton was sanctioned 
by the Government during 1945-46 and 1946-47. In addition, 
certain restrictions on raising a crop of groundnut or cotton from 
any irrigation source — ^private or public — were also enfoiced 
throughout the State of Madras. These enactments jointly con- 
tributed to the curtailment of the area under cotton to a consi- 
derable extent. These Acts are no longer in force. 
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(g) Cotton Price Control . — The India Government in '^heir 
drive to combat inflation were keen on controlling the soaring 
price of cloth. It was axiomatic that tliey should control the 
price of raw cotton also as a corollary to the price control of 
cloth. Hence early in 1943-44, floor and ceiling prices were 
fixed foi‘ various types of cotton with specification of staple 
lengths and allowances due for types ‘ off ’ or ‘ on ’, the stand- 
ard. These floor and ceiling prices were ex-godown Bombay 
with i per cent of brokerage to buyer and included the usual 
sample and store allowances. The Government announced their 
intention of purchasing cotton at floor prices in the interest of 
cotton growers in general. In the event of prices exceeding the 
ceiling rates named for any or all descriptions, Government 
retained the right of requisitioning cotton for use by mills. Ever 
since, floor and ceiling prices have been refixed year after year, 
for all types of cotton grown in India, after considerable delibera- 
tion with all interested parties. An experiment at free trade m 
cotton for a short spell of about six months in the year 1918 
proved to be cosily as a result of the sky-rocketing of cloth and 
cotton prices. Hence, the Government were forced to revert to 
contrpls once again. The price structure and control of cotton 
has been one of the most debated subjects in the country. The 
Government have recently excluded some of the superior long 
staple types of cotton like T^ganda-1 of the State from the pale of 
price control, in order to encourage their cultivation to a greater 
extent. It must be admitted that this control has been helpful in 
keeping down cloth prices although , the free trade allowed in 
kapas has been a serious loop hole against the full realization of 
the objective. 

(h) The Madras Cotton Trade Census Act . — The annual 
census of cotton stocks is at present based on voluntary returns 
furnishied by mills, ginning and pressing factories as also on the 
statistics supplied by trade associations. In order to provide for 
the better collection of reliable data relating to the stocks of 
Indian raw cotton held by the trade in the State, this Act has 
recently been passed. The Act requires every trader and every 
ovraer of cotton as also all ginning and pressing factories to 
declare the stocks of Indian raw cotton held by them on the 31st 
January and 3l8t August of each year. This return has to be 
submitted to the Director of Agriculture. Hea^w penalty by way 
of fines which may extend up to Es. 500 has been provided for 
contravention of the provisions of the Act. 

Summing up with discussion on the future. 

The cotton improvement work in the Madras State can be 
reviewed under the four major heads of breeding, agronomy, 
seed extenrion and legislation. The first two items falling under 
the purview of research deal with the betterment of quaUty and 
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gaspiitity while the remaining two cover problems incidental to the 
maintenance of purity of the commodity hrom the planting to the 
processing stage. Breeding programmes have received so far 
greater attention than problems of cotton agronomy and questions 
of deterioration are being tackled through organized distribution 
of pedigree seed and legislative enactments. The various Agri- 
cultural Eesearch Stations located in the respective cotton zones 
constitute the permanent centres for carrying out basic experi- 
ments on research items. 

The erstwhile partition of India and the need to produce more 
food have very adversely affected the internal raw cotton produc- 
tion of the State. The food compaign has made serious inroads 
into the prewar cotton acreage, and the supply position of caw 
cotton has been rendered more difficult in recent times due to 
dwindling carry over stocks, the expanding mill industry, the 
mounting spiral of price rise in foreign cottons, the imperative 
need to conserve both dollar and sterling, and the increasing 
demand for finer apparel by the consumers. There is therefore 
an urgent need for drawing up a plan for maximising the raw 
cotton production of the State without in any manner clashing 
with the measures undertaken to step up food production. In such 
a drive, the objects must be to attain self-sufficiency in regard to 
both quantity and quality of cotton. They require an intensifi- 
cation of research on problems of staple improvement, yield 
maximisation and reduction in cost of production. 

Estimates place the postwar requirements of the State at eight 
and a half lakh bales of lint per annum — the relative requirements 
of American and desi cottons being roughly equal — ^for meeting the 
entire demands of the industry, extra-factory consumption and 
normal exports. Madras will therefore have to double her annual 
production, increase the output of quality American by three lakh 
bales of which 50,000 bales will be Egyptian and to convert all 
short-staple desi into medium quality types. The programme 
should consist of short and long-term policies. The methods must 
suit the conditions of peasant farmers who form the bulk of the 
cotton growers in the State and whose joint 'contribution even at 
small levels of increase will urtjmal;e]y result in a substantial 
overall production without the need for providing vast sums for 
capital expenditure and special equipments. 

The short-term proposals will consist of investigational work on 
the possibilities of immediate expansion in non-cotton growing 
regions and extension work for tested recommendations in the 
existing cotton tracts. The former will comprise of (a) mixed 
cropping with unirrigated ragi, samai, varagu, rice and gingelly, 
(b) cultivation as border crop in irrigated ragi, groundnut, tur- 
meric and chillies, (c) intercropping coconut, arecanut, pepp«r and 
fruit gardens, (d) utilizing wastelands, backyards and canal Inm^ 
for the cultivation of perennial cottons and («) using high leyd 
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uncultivated lands in Cauvery-Mettur Project area. The latter in 
turn will include itemsjhke (1) mixed cropping with unirrigated 
groundnut, chillies, bajra and tenai, (2) cropping the rice fallows 
of all districts with short-duration cotton varieties, (3) associated 
cropping of indigo with irungu sorghum and clusterbeans with 
summer sorghum, (4) early planting of cotton, (5) early removal 
of sorghum stubbles, (6) adoption of soil conservation methods in 
arid regions, (7) enlarging the supply of certified seeds and com- 
pelling their growths by legislation, (8) planting cotton in lines lo 
facilitate furrow irrigation and intercultivation and (9) extending 
the use of chemical fertilisers to both irrigated and unirrigated areas. 

The long-term plan will comprise of items like (a) breeding for 
high productivity, better ginning and longer staple, (b) develop- 
ment of new varieties having short crop life so as to fit in areas 
having short fallows, (c) reduction of crop loss arising out of 
weather hazarde, pests and diseases bv breeding, chemicals and 
agronomy, (d) enquiry into the crop husbandry practices for dis- 
covering a suitable legume for mixing with preceding cereal crops 
and /e) utilization of select good features of wild cottons for impart- 
ing resistance to drought, pests and diseases or for breeding suitable 
varieties required for special tracts. 


Statbmeot 1. — * Estimated acreage and production of cotton in the 
Indian Union by Provinces and States. 


Production in OOOV of 
Area in 000*e of acree. bales of 4'^0 lb. lint. 
Provinces and States, / a ^ ^ a 




1936-38. 

1947-48. 

1936-38 

1947-48. 



Average. 


Average. 


Aseatn 

• • • • 

39 

34 

17 

14 

Bihar . . 

• • • « 

39 

39 

7 

7 

Bombay 


3,758 

2,274 (o) 

684 

410(6) 

Madhya Pradesh 
East Punjab 


3,884 

2,868 

679 

557 


768 

504 (a) 

295 

ni(a) 

Madras 


2,320 

1,361 (a) 

455 

293(0) 

Orissa 


8 

9 

1 

1 

Utter Pradesh 


642 

155 (a) 

183 

42(a) 

West Bengal 


2 

26 (o) 

1 

4(a) 

Ajmer-Merwara 


33 

11 

12 

4 

Delhi . . 


2 

(6) 

1 

ib) 

Hyderabad . . 


3,877 

1,912 

526 

277 

Baroda 


883 

423 

204 

108 

Gwalior 


647 

395 

93 

79 

Mysore 


85 

46 

11 

20 

Bampur 


12 

A 

2 


Tripura (Bengal) 


32 

. , 

6 


Bombay States 


2,237 

, , 

443 


Central India States 

1,292 

623 

168 

io9 

Punjab States 

. . 

379 


181 

Bajputana States 
Mmas States * 

/ 

609 

24 

254 

88 

3 

*80 


Total .. 

20,972 

10,934 

4,059 

2,116 


(a) Including States. 

(h) Below BOO acres. 

* Figures adopted ftam Bombay Ck>tton Annual 1947-48. 
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Statement 2. — The Madras Colton Crop — 1948-49. 

Production in bdka of lint (392 W>. nett). 


i^ariety. 

Area in 

Staple length denomination^ 

Total. 


acree. r~ 


A, 

1 



r 

and above 

Below f ^ 

11/16' 




and above 11/16^ 

and below 


Cambodia irri- 

162.100 

110,500 



110,500 

gated. 






Cambodia un- 

97,200 

24,900 


, , 

24,000 

irrigated. 






Tinnevellies 

487,900 * 


115,900 

, , 

115,900 

unirri gated. 






Northerns un- 

28,100 


9,600 

, , 

9,600 

irrigated. 






Westerns unirri- 

648,900 


60,600 


60,600 

gated. 






Cocanadas un- 

76,900 

, , 

14,300 

, , 

14,300 

irrigated. 






Uppam unirri- 

10,400 

, , 

1,600 

, , 

1,600 

gated. 






Nadam and 

3,700 


100 


100 

Bourbon un- 






irrigated. 






Mungari unirri- 

37,000 

, , 


3,600 

3,600 

gated. 






Chinnapathi 

3,600 



400 

400 

1 1 T1 f t*t«j A/l 






vilUFFlg QiUtHX • 

Total 

1,555,800 

135,400 

202,100 

4,000 

341,500 


* Includes Karunganni, Uppam and mixed cotton gi'own in the ' Tinnies ’ area. 
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gTATEMBirr 4- A . — Chief distinguishing features of improved Uest Cottons of Madras State 
Karunaanni — Tinnies tract in the South, 




4-B . — Chief distinguishing features of improved Cottons of Madras State 
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CHAPTER 12. 

FIBRE CROPS. 

govnfeinijp—Jiite—Agftve— Banana flbie— Other minor fibre orope. 

Besides cotton, work on bast and leaf fibres like Sunnhemp, 
Jate and Agave in addition to a few others of minor importance was 
done by the Agricultural department. 

Sunnhemp. 

(Bnglisb — Sunnhemp. TaxaH—Sanappu. Telngu— JuMumn.) 

Sunnhemp is an important leguminous crop grown mostly for 
green manure in the State but largely used as cattlefeed in the 
Circars. The soil and cUmatic requirements of the crop are not 
very exacting and almost all the districts of the State grow a few 
hundreds of acres under Sunnhemp for being used either as green 
manure or cattlefeed. Its cultivation for extraction of fibre is, 
however, not widespread and is confined to portions of the Circars 
which grow the maximum area under this crop as might be seen 
from the figures furnished in the statement below : — 


Are* in 

Dirtriot. acres in 

lMS-49. 

Viaakhapatnam 6,068 

Bast Go^vari 14,727 

West Godavari 2,401 

Krishna 40,800 

Guntur 66,012 

i^Uiuy . . . . 3,728 

Kellore 1,176 

South Arcot 1,610 

Coimbatore 2,222 


Total for Madras State . . 132,249 


The bast of Sunnhemp yields a fibre stronger than Jute, lighter 
in colour and more enduring. The fibre is used mostly for the 
manufacture of cordage, sacks and coarse canvas. The work ou 
this crop was limited to varietal, agronomic and processing aspects 
and was carried out at the Agricultural Research Station, Samal« 
imta, during the years 1937-42 under a scheme financed by the 
Ihdian Council of Agricultural Research. The scheme had for its 
objects the determination of the most suitable variety for the 
induction of fibre, the best agronomic treatment that would 
iB^iove yidd and qui^ty of fibre, and cheap methods of fibres 
abiiiioitian leading to mazimum yields. 

AM,— 47 
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The varietal trials consisted of the study of ten Madras types 
and six other extra State accessions in replicated tests with local 
Dummagudam as control, The observations on growth and yield 
showed that the early types like Tenkasi, llasipuram and Samal* 
kota took 2i|[ to 3 months to mature and their fibre was clean white 
but possessed bits of pith. The medium duration groups com* 
prising of Tirwthuralipundi, Dummagudam and Cawnpore-Vi came 
to. harvest in 3 to SJ months and their fibre was the Iraigest and 
the best. The late types required over 3^ months to mature and 
the fibre quahty was poor. The results conclusively showed that 
Cawnpore-12 was the best type for the Godavari tract from the 
point of yield and quality of fibre, and crop resistance to insect 
pests and leaf shedding during untimely rains while the Bellary 
variety was next in order of superiority. The former registered 
mean fibre yields of 240 pounds per acre while the latter gave 163 
pounds as compared to 105 pounds recorded by local Dumnuh 
gudam. 

The agronomic enquiries consisted of sowing dates, seed rate, 
manorial and harvesting experiments. The time of planting trials 
with variety Dummagudam sown at fortnightly intervals commenc< 
ing from Ist June and ending with 16th August, conducted for two ' 
reasons, were in favour of earlier sowings. No definite conclusions 
could be drawn from the experiments conducted on three varieties 
with different 'seed rates ranging from 30 to 100 pounds per acre 
for three seasons. The indications, however, were that a seed rate 
lower than 50 pounds per acre could be adopted without appreciable 
fall in fibre yields. 

The manurial enquiry consisted of tests with two levels of 
nitrogen, viz., 25. and 50 pounds per acre, in the form of ammonium 
sulphate, with and without 25 pounds of phosphoric acid in the 
shape of super-phosphate, on • a basal application of five tons of 
cattle manure. The trials were carried out for two seasons and in 
the first year all 'combinations of nitrogen recorded increased yields 
but the same wete not "borne Out in the next season. It was, how- 
ever, evident tha't' the a’dditioii of sUper-ph’osphate did not belp in 
increasing the fibre production. The increase in yield response 
was not commensurate with the cost of chemical fertilisers applied 
and. as such the practice could not be recommended for adoption. 

Experiments to determine the best stage of harvest to obtain 
Tnii.-»iTniim fibre yields were conducted for three seasons. The plots 
were sown on the same day but the harvesting was done at four 
different stages, viz., preflowering, full bloom, pod formation and 
seed setting. The results showed that the maximum fibre yidds 
were obtained when the crop was harvested at preflower or fall 
bloom stages, the increase over the other two variants being of the 
order of 34 per cent. , . 

Processing experiments to evolve profitable methods of ettrse^ 
tion of fibre were carried out with ‘^variety Dummagudam, Hisy 
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wmprised of pretreatment of harvested stalk and study of the 
^ects of variations in the depth of water in the retting pool. 

The treatments consisted in retting the stalks after varying 
periods of drying and the results showed that any period of 
drying for one month or more consistently lowered fibre yields. 
The process known as “ sweating ” the stalks, a practice common 
in Eussia and Italy, was tried but the resultant fibre was poor in 
quality and dark in colour. 

Various depths of water in the retting pool ranging from 6 to 
24 inches were tested for retting ten pounds of green stalks. The 
results were in favour of 9 to 15 inches depth for maximum fibre 
extraction. 

The following useful information was also gathered during these 
teste : When five pounds of bleaching powder was used for retting 
the stalks from one acre, the resultant fibre was pure white and 
suffered no loss in strength. After retting, if the stalks were 
beaten, combed and cleaned, there was a loss of 25 per cent in 
yield. Ketting was observed to be quicker under still water than 
under running stream and retting under still, muddy water gave the 
highest fibre yield and took the shortest time for retting. The 
length of fibre was also the maximum under such conditions. An 
increase in the temperature of water used by lO*" C had no effect 
either on fibre quality or colour. 

JtJTB. 

(English — Jute, Tamil — Sanal, Telugu — Janumu,) 

The Jute of commerce is mostly the Bengal Jute (Corchorus 
olitorim and C, Capsular is) which is hardly cultivated to any extent 
in Madras. A few^ thousands of acres under Bimilipatam jute 
{Hibiscus cannabinus) and mesta (//. sahdariffa) are, however, 
raised in this State mostly in the Visakhapatnam district. The 
work on these relate to a few varietal tests conducted in the Agri- 
cultural Research Stations at Samalkota, Anakapalle, Guntur and 
Bapatla. The soil and climatic conditions of Bengal are hardly 
simulated in any part of this State to advocate the cultivation of 
Corchorus as a commercially feasible proposition. 

The earliest of trials relate to exploratory tests with Corchorus 
capsularis at the Agricultural Research Station, Samalkota, during 
the years 1906-1909. It was grown under both dry and wet 
land conditions. Moderate but not profitable yields were obtained 
from the rainfed crop. In the wet lands where it was raised in 
June after a paddy crop, the yields never exceeded thousand pounds 
of green stalk per acre- The crop was also tried in the uplands of 
Godavari district in red laterite soils. But the produce was not 
so good in either quantity or quality of fibre as the Bimilipatam 
jute. Quality tests of both the samples conducted at the mills 
were favoflrably reported upon only for the Bimilipatam jute. The 
trials were given up as a failure. 

A,M. — 47a 
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Becent trials from 1948 onwards conducted at the MacbsTanuea 
Farm at Bapatla and Agricultural Beseach Station, AnakapaBe, 
have, however, given encoui-aging results. Both the species 
Bengal jute were tried in the gai-den lands in the Machavaram 
Farm during 1948 and the trials were replicated in the subsequent 
year with the addition of two more varieties, viz., D. 164 and 
Chinsurah green. Corchorus oliiorius gave consistently high yields 
of quality libre while early sown Chinsurah green was the best 
yielder with 1,740 pounds fibre per acre. 

At Anakapallc, an excellent crop was obtained when grown 
during July to October under irrigation. But the results of retting 
operation were vitiated by unprecedented floods during the period. 
However, the fibre extracted was of good quality yielding 10 to 
14 per cent. 

Exploratory trials of Bengal jute on ryots’ holding during 1949 
in three districts, viz., Visakhapatnam, Malabar and South Eanara, 
were a failure due to adverse season in the first and heavy rainfall 
in the latter districts. 

At the Agricultural Kesearch Station, Guntm , varietal trials with 
Hibiscus cannahinus (Tain. Pulichai, Tel. Gogu, Kan. Pundi) 
types, local and red gogu from ^'^isakhapatnam and with sabdariffa 
variety from Pusa were conducted as rainfed crop during the years 
1932-39. The mean fibre yields were of the order of 233, 311 and 
400 pounds per acre respectively for local, Vizag-red and Pusa 
types. 

At Anakapalle, Hibiscus sabdariffa was raised under rainfed 
conditions and the stalks were sundried and fibre extracted. The 
period of retting in this case was observed to be much less than 
that of jute. Silky and lustrous fibre of good quality was obtained. 

Agave. 

(English — Agave. Tamil — KathalaL Telugu — Kalabanda, Kannada — Kalnaru,) 

The Agaves belong to the class of hard fibres and their fleshy 
leaves serve as the chief source of the world’s leading cordage flfare. 
The numerous species of this genus are only of local occurrenoe 
and importance. 

The area under Agave in this State is negligible and the plants 
are not cultivated in any field scale. They are generally grown 
along railway lines and as live fence in garden areas. The flbre is 
generally extracted by adopting a laborious retting process wMoh 
hardly gives any incentive to take up the extraction of the SM&e 
on a commercial scale. In the absence of a cheap hand-operated 
machine for the extraction of fibre without retting, this induetiy 
offers bleak prospects of expansion. 

. The experimental cultivation of Agave on plantation scale vm 
taken up by the Madras Agricultural department during yea*! 
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1901-1908, in the low rainfall tracts of Hindupur taluk of Ananta- 
pur district, with the object of studying the performance of 
different species of Agave with particular reference to Agave sisa- 
tana* The trials were conducted in poor, red gravelly loam with 
Agave americana, Agave cantala, Agave sisalana and Furcrea gigan- 
tea* These were planted in well-laid-out plots with seedlings obtain- 
ed from various parts of South India. All grew well with tlie excep- 
tion of Agave cantala. When the plants were six months old, the 
percentage of fibre in americama, sisalana and Furcrea was found 
to be 1-4, 3, and 3-4 respectively. Fibre extraction tests conducted 
with Sisalana for four years with two or three cuttings of leaves per 
year yielded a mean of 810 pounds of fibre from an average crop 
of 900 plants per acre, which worked out at 8-5 per cent of extrac- 
tion from green leaf to fibre on an average. The samples were 
valued by the Imperial Institute, South Kensington, at its. 450 
per ton, which left an inadequate margin as profit. The trials 
were givfen up as unfruitful in the absence of an economic method 
for fibre extraction. The failure of Agave cantala which w^as said 
to be growing successfully in other parts of India was evidently 
due to the conditions of low rainfall obtaining in the Ceded 
districts. 

Interest in Agave was again revived m 1939 and a fresh consign- 
ment of suckers of cantala obtained from the Economic Botanist, 
Bombay, was planted in the Agi’icullural Resean'li Station at Anaka- 
palle, Pattukkottai, Taliparamba, Sarnalkota, (juntur, Nandyal, 
Palur and Aduthurai as also in a few other selected areas in Nellore 
district. In general the growth was found to be very slow and the 
suckers made retarded progress during the summer months though 
irrigations could improve the growth. The possibility of introduc- 
ing and extending the cultivation of this plant is very limited unless 
the methods of extraction of fibre are simultaneously improved. 


Other minor fibres. 

No regular or systematii* work worih detailing has been carried 
out on any of the other fibre yielding plants of minor importance. 
However, the following observations of sporadic interest may be 
recorded : — 

At the Agricultural Research Station, Pattambi, fibre w^as 
hand-extracted from the leaves of T^ineapple {Anayms sativa) varie- 
ties ‘ Mauritius ’ and ‘ Kew Though the fibre w^as fine and well 
reported upon, the cost of extraction proved prohibitive. 

Bowstring hemp fibre extracted from Sansevicna ro.rhurghiana 
grown at Kodur was quite suited for yarn and cordage purposes as 
reported by the Inspectorate of General Stores, Ordinance Labora- 
tories, Cawnpore. 

At Anakapalle, the performance of a crop of Boehyneria nivea 
(|%6a plant) was good, but the extraction of fibre proved to be 
difficult task in the absence of standardized methods. The trial 
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of Sida-rhomhifolia brought out its unsuitability for fibre purposes 
as its profuse branching yielded fibre of poor quahty. 

A survey of the problems confronting the introduction a&d 
spread of some of the above fibre yielding plants will clearly show 
that the primary need is a cheap, effective and standardised extrao* 
tion process, if a useful cottage industry is to be fostered. Whea 
one such method is perfected, the question of discovering suitable 
types for cultivation in the different regions of the State will have to 
be taken up most of these types will cater to the every day 
agricultural needs like plough and mhote ropes, country twine, 
etc. 


Banana fibre. 

Preliminary work at Coimbatore in 1943 had indicated that 
fibre of a few banana varieties might prove a suitable substitute 
for abaca fibre from Musa textilis. At the suggestion of the 
Director, Indian Army Ordnance Crops, large scale trials on tt 
number of banana varieties were carried out for two years from 
1943 at Coimbatore with the aid of a special grant from the Gov- 
ernment. The experiments included 1216 pseudo-stems of 72 
cultivated varieties, two wild types from Anaraalais and Wynaad, 
and the control Musa textilis. The fibre extraction was generally 
done by the hand method which consisted of stripping the outer 
portions of leaf stem in the form of ribbons and drawing them under 
a blunt knife resting on a block of hard wood. The fibre so extracted 
was dried in partial shade. The summary of results obtained in 
the trials is given below : — 

(1) Among the cultivated varieties, Kuri Bontha, Pacha 
Nadan and Monthan proved to be the most promising types iox 
yield of crude fibre. 

(2) The strength and quality tests conducted at the Techno- 
logical Eesearch Laboratories of the Indian Central Jute Com- 
mittee, Calcutta, indicated the existance of large variations among 
samples of the same variety. However, the strongest fibre was 
obtained from *Kari Vazhdi, Kai Ethen, Pey Laden, Giant 
Governor, Kuri Bonthan, NaUa Bontha, Thella Bontha and Nana 
Nendran. Among them, Ney Mannan, Nana Nendran, and TheUa 
Bontha combined both strength and quality. It was rather sur- 
prising to note that Musa textilis as grown in South India secured 
only a second place both in the matter of quality and tensile strength 
of fibre. 

(3) Appearance of fibre — an important trade requisite — ^was 
found to vary with the variety. Kullan, Monthan, and Ela Vazhai 
yielded lustrous white fibre, Nendra Padathi, Booditha montha 
Bathees and Poovan gave greyish shining white fibre and NanOi 
Nendran, Nalla Bontha, Krishna Vazhai, Kari Vazhai, wild banana 
from Anamalais, Pacha Montha Bathees and Giant Gopetnof 
yielded coarse greyish white fibre. The fibre of Rasthali variotj? 
was silky and shiny, besides being greyish to pure white while ilut 
from Musa textilis was light ivory yellow and coarse. 
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(4) The best stage for the extraction of banana fibre was after 
the harvest of the bunch. 

(6) The strongest fibre was obtained from the sheaths of the 
central folds of the pseudo-stems in some of the varieties. 

(6) Banana fibre did not show appreciable deterioration when 
kept immersed in water and saline solutions for over six months, 
in^cating, thereby its suitability as marine cordage. 

(7) Banana fibre was found suitable for rope and gunny 
making and also for use as graft bandages in fruit nurseries. 

(8) The future of banana fibre industry appeared to depend 
largely on the method of extraction. A simple, cheap and efiBcient 
mechanical extractor, if devised, would help the industry. 




CHAPTER 13. 

FODDERS AND GRASSES. 

Produetioii and importance— The Madras Fodder and Grazing 
Committee — ^Introduction of useful fodder crops— Grant of concessions 
~Graininous, Leguminous and miscellaneous fodders— VarietaL 
ealtmral and agronomic experiments in the several Research Stations— 
fteea and sdirubs of fodder value— Grasses, indigenous and exotic 
<-HSiiirvo]nih~NuM^^ value and palatability— Chemical composition 
of eommon fodders and grasses— Yields statement. 

Introduction , — The fodders available in Madras are derived 
mainly from straws of cereal crops grown for grain. Some cereals 
like sorghum and some leguminous crops like sunnherap are also 
exclusively grown for fodder. Besides, stems of plants like ground- 
nut (haulms) and residues from leguminous plants and vegetables 
are also fed to cattle. Grasses available in grazing areas are known 
a« pastures. 

The total cultivated area of this State is about 37 million acres 
and the natural pastures cover an area of which no accurate esti- 
mate can be made and the same remark applies to the grass area 
in the permanent and reserved forests. The straws of cereals and 
residues of leguminous crops arc seasonal in supply, the grasses 
of the natural pastures and forests are also seasonal occuring in 
abundance during the humid months, following the monsoon 
periods. The supply of fodder is, therefore, plentiful during the 
humid months and scarce and often unobtainable during the dry 
months, especially when the monsoon has been a failure. A regular, 
steady supply of fodder is, therefore, a desideratum. Fodder grow- 
ing for feeding to livestock is not laruelv practised in this State 
as this does not find a place in the usual rotations. This non- 
inclusion of crops grown for fodder alone is not due to the fact that 
the cultivator is not aware of the needs of his cattle, but because 
of the pressure of the population on the land and the pressing need 
for the production of food crops in adequate quantities as a first 
charge upon the agricultural economy of the State. The opera- 
tions of the Agricultural department have demonstrated the possibi- 
lities of the successful inclusion of a fodder crop in rotation in 
places where irrigation facilities are available. 

Pboduction and importance. 

, The Royal Commission on Agriculture (1928) stated “ that no 
substantial improvement in the way of breeding is possible until 
the cattle can be better fed In this State, there are, for every 
100 acres of cultivated area, 65 acres of uncultivated land including 
mmnt fallows. Though this appears large, there is very little 
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grazing available in these areas- The main grazing available for 
cattle is furnished by some weed growing on the cultivated land* 
the grasses on field borders and along water channels, the cultivatSd 
plants which spring from seeds falling before harvest and the 
stubbles of crops. The fodder production in the Madras State for 
the year 1947-48 is estimated to be derived from the following : — 

Fodder from Areft, 


AOSe 


Total oereals 
Total pulses 
Total food crops 


21.769.000 
2,776,000 

26.410.000 


The area under food crops in 1947-48 was less than the cor- 
responding area in the previous year by 44 per cent. 


The Madras Fodder and Grazing Committee published memoixs 
in 1946 called A quantitative study of the fodder and grazing 
resources of the Madras State In preparing the memoirs many 
assumptions have been made. A cow over three years not in milk 
was taken as the fundamental unit of livestock population unit 
and termed a cow unit. Kelation between this cow unit and other 
types of animals is given in the table below : — 


(1) Working buffaloefl and milking buffaloes 

(2) Working bulls, milking cows, ordinary 1 uffaloes 

other than working buffaloes and milking 
buffaloos. 

(d) Other bulls and cows and horses • • 

(4) Young buffaloes . . 

(6) Young cattle 

(6) Sheep and goats 


2 oow units* 

4 .. 


f .. 

I » 

1 

¥ 


A satisfactory maintenance ration was assumed to be 6f lb. 
of dry roughage per cow unit per adult animal of 500 lb. wei^t. 
Three pounds of green roughage were taken as equivalent to one 
pound of dry roughage. The memoir gives the total quantity of 
available fodder and not fodder and grazing actually utilized. 


On the basis of the approximate yields, the State Fodder and 
G-razing Committee has estimated the total fodder production from 
cultivated crops and pastures of the Madras State at 32,886*100 
tons, as follows : — 


TONS. 

Dry roughage .. .. .• •• •• 21,648,600 

Bbusa of pulses aad misoellaneous green fodder . . 3,841,700 

Natural grass from pastures 7,000,800 

32,888,100 

Oonoentrated feeds .. 1,018,000 

ToUl .. 14,800,100 



Hbmoies of the dbpabtmbnt of AGEICULTUEB, MADBAS 683' 


'' Taking the bovine stock at 22,644,239, the fodder available 
head of cattle works out to 9 lb. per day. A healthy animal 
weighing on an average 500 Ih. requires for maintenance 13 lb. 
of dry roughages and f lb. of concentrates. The fodder produced 
in this State is, therefore, not sufficient for the feeding of the 
cattle population.” 

The supplies of fodder are not uniform all over the State. 
Depending on the availability of fodder the State Fodder and Graz- 
ing Committee divided the whole State into five categories, viz., 
fitc^ce areas, deficit areas, satisfactory areas, surplus' areas and 
abundant areas. The scarcity areas are the regions where there 
is an absolute scarcity of fodder, as for instance, some portions of 
the Circars and Malabar. The deficit areas are represented by the 
remaining areas of the Circars, Nellore and portions of North Arcot 
where there is complete shortage of fodder but the position is not 
SO bad as in scarcity areas. Next are the areas of satisfactory 
ration where the fodder supply is just sufficient to meet the require- 
ments of the cattle in those regions. These include certain taluks 
in the Circars and the East Coast and portions of the Mathurai, 
Tirunelveli, Salem and Coimbatore districts. The surplus areas 
consist of some taluks in Coimbatore, Mathurai and Nellore. The 
areas of abundance include some taluks in the Circars, Nellore and 
Coimbatore. The five regions with their cattle population and 
fodder production are indicated in the following table : — 


QtA« 90 fj and description of 
areas* 

Areas in 
acres. 

Hnman 

population. 

Cow 

units. 

Total 

fodder 

and 

grasins. 

ToUl 

foddi r and 
concen- 
trates* 


(m 

THOU. 

(m 

THOU- 

(m 

thou- 

(IN 

THOU- 

(IN 

THC)U- 


SANDS.) 

8AXD8.) 

sands.) 

SAND 

SAND 





TONS.) 

TONS.) 

I Soaroity areas 

15,211 

9,124 

6,027 

3,620 

3,762 

n Bafioit areas 

26,936 

16,613 

11,678 

9,184 

9,599 

ni B«tiafaotory ration 

22,989 

16,(47 

9,887 

11,064 

11,386 

»raaa. 






IV Surplus areas 

7,623 

3,939 

3,074 

3,485 

3,620 

V Abundant Areas 

7,839 

4,783 

2,327 

6,399 

6,450 

Total . . 

80,498 

60,006 

32,993 

33,762 

34,806 


The productivity, ration and population presvsure, in the area are 
indicated in the memoir as follows : — 


Aotaal Usurer. 


As percentage of standard 
or average. 


OatSfory. 







Produc- 

tivity. 

Bation. Pressure. 

Produc- 

tivity. 

Ration. 

Pressure. 

I 

1-05 

2-76 

682 

62 

56 

100 

n 

1-64 

3-76 

746 

81 

77 

109 

m 

2*28 

6*19 

790 

112 

106 

116 

IV 

2*34 

6-66 

612 

115 

136 

90 

V 

Stiiidaidor 

4*20 

2*03 lb. 
per sore 
per day. 

11*27 
4*91 lb. 
per day. 

678 

728 units 
per 1,000 
acres. 

207 

230 

99 
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According to the Fodder and Grazing Committee estimates, the 
total amount of dry roughage equivalent, which has to be imporl^ 
from surplus areas or produce in deficit areas in addition to 
present jffoduction, amounts to nearly 12,100,000 tons of dry rough* 
age, equivalent or about 36,300,000 tons of green roughage, Aa 
fodder is a bulky commodity, which is extremely expensive to 
transport by rail and cannot be transported by water to the areas 
where the deficits are found, the greater part of this total, the 
equivalent of 12,000,000 tons of dry roughage or 36,000,000 tons of 
green roughage has to be produced in the regions falling in 
categories I, II, III if the cattle in those regions are to be given 
satisfactory daily ration. The Fodder and Grazing Atlas of the 
Madras State is of use in the study of the fodder problem of the 
Madras State. 

The problem of increasing foddei- production is now being 
tackled in two ways, firstly, by the introduction of several usefiu 
fodder crops and secondly by the grant of concessions to, encourage 
the extended cultivation of fodder. Due to Government conces- 
sions, there was an increase in the area under fodder crops as shown 
below : — 

V«W. AOS Voar. . , AOS. 

1910-11 264,371 1940-41 469.45S 

1920-21 298.872 1944-46 469,668 

1930-31 449,866 

If under the future planning of agriculture, the productive 
land is increased, it will necessarily result in an increased yield 
of foodgrains per acre. Increase in gi’ain yield will naturally 
result in an increase of the straw yield. The fodder problem of the 
cattle is thus correlated to the food problem of the human popu- 
lation. 


The table below gives the 
ping (in 1,000 acres units) : — 

areas cropped and the trend of crqi- 

OtiMv nil* 

Area under Area under enlthratid' 

YcJar. 

Net area 
sown. 

Current 

fallow. 

non>food 

crops 

fodder 

crops. 

land othir 
tbau canreni 
fUloiri. 

1903>-03 .. 

26,740 

6,203 

. . 

189 

6,979 

1903-04 .. 

26,689 

5,694 

. . 

228 

6,623 

1904-05 .. 

24,161 

7,236 

• • 

238 

6,863 

1926-26 .. 

33,834 

10,144 

8,764 

388 

12,362 

1926-27 .. 

33.263 

10,874 

8,103 

456 

18*218 

1927 28 .. 

33,793 

10,087 

8,697 

423 

13*271 

1944-46 .. 

31,634 

9,290 

9,031 

460 

11,434 

1946-46 .. 

30,684 

9,779 

8,849 

463 

11A8S 

1946-47 .. 

31,035 

9,498 

8,786 

663 

11.848 

1947-48 .. 

30,078 

10,037 

8,223 

394* 

18,18? 

1948-49 .. 

30,934 10.048 8,278 

* Da» to bad monsoona. 

443 

1M90 


In the year 1948-49 out of 62-30 million acres of total cultivalAio 
land of the State, about 11-4 million acres were uncultivated 
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out of the remaining lands, the net area sown was 30 9 million acres 
while the current fallows accounted for 10 05 million acres. These 
current fallow lands which were only 5-2 million acres in 1002-^j3 
very rapidly incieas^d to S-2 million acres in 1907-08 and reached 
10»1 million acres in 1925-20. From that time the current fallows 
varied from nine to ten million acres. Cultivation of these marginal 
lands means so much utilisation of extra animal power for obtain- 
ing what at best will be marginal yields in years when seasonal 
conditions are favourable. In years of drought these current fallows 
hardly contribute any grass fodder, even for the cattle which plough 
them. In our State more than 93 per cent of cattle depend on agri- 
cultural land for their fodder and only some 7 per cent resort to 
forest grazing. Crop residues such as straws of cereal crops, haulms 
and bhusa of pulse crops, etc., form the chief sources of fodder. 
The position at present is such tliat even if an increase of 50 per 
cent is secured in straw' yields by adopting intensive methods of 
cultivation, we are still faced with a huge deficit of 20 million 
tons of dry roughage per year. 

Climate, Soil, Irrigation, etc., with their inb^luences 

ON CROP performance AND CULTIVATION PRACTICES. 

Fodder crops are not raised generally under irrigation. Ptlh- 
pe^dra (Phaseolus trilobus) is gaining popularity as a fodder cum 
green manure crop. This is raised after rice to a large extent in 
Godavari and Krishna deltas and also to a limited extent in the 
South. Pillipesara is given an irrigation or two, if raised in wet 
lands and cuttings used for fodder, the last one being used as a green 
manure. Sunnhemp is anotlier crop raised specially for fodder after 
rice in wet lands in large areas in Krishna and Godavari Deltas. 
In this case, the sunnhemp is not irrigated. Permanent fodders 
like Guinea and Napier grasses are raised only in few sewage 
farms near big towns and Government Farms, where they occupy 
the lands for some years. In such cases no definite rotation is 
adopted. 

Pastures are not irrigated in this state and no forage mixture 
is raised under irrigation. 

Varietal introduction and trials. 

The fodders that w-ere studied in the various agricultural 
stations can be classified as I gramineous, II leguminous and III 
miscellaneous. The crops coming under each group are detailed 

below : — 

I. Gramineou^^ fodders — 

(1) Eice. 

(2) Sorghum. 

- (8) Bajra. 

(4) Bagi. 

(6) Samai. 

(6) Maize. . 

(7) Teosinte. 
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n. Leguminous fodders — 

(1) Pillipesara. 

(2) Sunnhemp. 

(3) Cowpea. 

(4) Horsegram. 

(9) Lucerne. 

(6) BerBeem. 

(7) Other pulses. 

III. Miscellaneous fodders — 

(1) Sunflower. 

(2) Sweet potato vines. 

(.S) Kollaganjeru (Ipomea hispida). 

(4) Subterranean clover. 

(6) Trees and shrubs of fodder value. 

(6) Weeds of fodder value. 

I. Garmiiieous fodders — Cereals . — The straws of cereals form 
the major fodder. 

(1) Rice (Oryza sativa). — Rice is raised over an area of 
about 11 million acres and an average acre yield of 2,500 lb. of 
straw is obtained. This stands storage and is the main fodder in 
the deltaic areas. 

(2) Sorghum (Sorghum vulgare) (Tamil-^holam ; Telugu 
Jonna; Hindustani — Jowar). — ^I'his crop is eminently suited to bo 
the mainstay of fodder in regions of low to moderate rainfall and 
occupies an area of about four million acres in Madras State. It 
needs less water per pound of dry matter than perhaps any other 
cereal crop, “ its average water requirement being 294 lb. per 
pound of dry matter as against 309 for maize, 388 for Sudan grass, 
376 for Teosinte, 470 for wheat and 600 to 900 for leguminous 
fodders like lucerne and cowpea ”. It does not suit tracts having 
long periods of heavy rainfall. 


About 91 per cent of sorghum is raiufed. The yields of 
sorghum in the different Research Stations of the Madras State are 
given in the following table : — 


AnicnUaral 

Eeaearoh 

As straw from grain 
crop! per acre. 

Afl a pure fooder 
crop per acre. 

Varte^ 

found 


* 

f 


moit 

Btatloos. 

Eainfed. 

LB. 

Irrigated. 

LB. 

BaSnfed. 

LB. 

Irrigated. anitable. 

LB. 

(green weight). 

Anakapctlli 


• • 

* , 

14,970 

• t 

Guntur 

, , 

• • 

3,500 

, , 

N/2d/l0 

Chintaladevi . . 



3,400 

. . 

Pedda Jonna, 

Hagari 

2,000 


, , 

18,450 

N. 29/82. 

Nandyal 



8,600 

14,820 

Palur . . 



, , 

Kald Juana. 

Tindivanam .. 



5,430 

21,830 

PeriaManjaL 

Aduthurai 

, , 



14,530 

Pattukkottai . . 



, , 

15,980 

* 

Coimbatore . , 

3,150 

6,4W* 


23,900 

Pofia MaiUa], 

Hosar .. 

3,150 

, , 

. • 

19,120 

Do. 

Gudiyattam .. 

• . 


• • 

20,750 

Peria Manual, 


* Ohitrai obolam. 
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AtseMXoli 

As straw ftom grain 
crops per acre. 

Ai4 a pure fodder 
crop) per acre. 

Variety 

found 

t 

1 

f 1— 

— 1 

lUOnt 

Stations. 

Bainfed. 

Irrigated. 

Bainfed. 

Irrigated. 

suitable. 


LB. 

LB. 

LB. 

LB. 


TsHpsraokba . . 

• a 

. , 


10.410 

Do. 

Pattambi 

• a 

, , 

4.760 

. , 

Do, 


* . 

5,500 

3.540 

19.100 

Irungu. 

Naixjaiiad 

. . 

• a 

Failure. 

• . 

• • 


At Anakapalle, sorghum for fodder could be grown as a 
rainfed crop in June giving an outturn of 9,000 lb. per acre as well 
as under irrigation after the haiwest of summer ragi in April, the 
yields ranging from 10,000 to 25,000 lb. per acre. In the Guntur 
station, the average yield from rainfed sorghum was 3,500 lb. of 
dry fodder per acre the best variety being Nandyal N. 23/10. 
Periamanjal cholam grew well but was inferior in hay quality. To 
improve the feeding value of the fodder, it was found best to grow 
sorghum mixed with Pillipesara {Pkaseolut: tnlobus) in the ratio of 
3: 1. Higher proportions of the legume decrease the yield. From 
the June-sown rainfed crop, Chintaladevi farm (1918-1932) 
recorded an average yield of 3,400 lb. of dry fodder. Manuring 
was found uneconomical. 

In the Ceded districts the average yield of straw was 3,600 
lb. at Nandyal, 2,000 lb. at Hagari, while under irrigated conditions 
at Hagari, the outturn went up to 18,450 lb. At Nandyal the local 
spacing of lOJ inches between rows was found to be the best, while 
at Hagari the existing local practice of 18 inches spacing between 
rows was more profitable. Closer spacings increased the outturn 
of straw. Application of poudrctte, ammonium sulphate and super 
phosphate was beneficial in favourable years. 

At Palur farm (South Arcot) Periamanjal cholam has not 
done well, the tw'o suitable types being Kaki Jonna of Madanapalli 
and Sencholam of Polur. At Tindivanarn, Periamanjal gave an 
average yield of 5,439 lb. under rainfed conditions and 21,830 lb. 
under irrigation. At Aduthurai representing tlie Cauvery Delta, 
Periamanjal cholam. sown in Samba rice fields in June and har- 
vested by September, gave an ontturn of 14,500 lb. of green 
fodder 

At Coimbatore, periamanjal sorghum was the dominant 
variety with an average yield of 3,150 lb. of straw from the rainfed 
crop and 23,960 lb. as irrigated green fodder. Sorghum is grown 
in a variety of soils, black soil dry lands, red soil dry lands, red 
soil garden lands and even in heavy' soils of the wet lands. At the 
Central Farm, sorghum recorded poor yields for periamanjal 
between August and January than when raised from February and 
July, as the crop rushed to flower from September to January. 
Hence at Coimbatore fodder maize is preferable throughout the 
year and sorghum from February to July. Fodder crops are best 
eat soon after they flower; sorghum contains a cynogehetic glucoside 
the early stages, more so in a ratoon crop. The quantity of 
Ibd^ consumed per pound of milk produced was in the descending 
nrto, viz., guinea grass, fodder sorghum 'and ^qdder.'.inaize. 
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At Hosur Cattle Farm, the average fodder yield was 3«1L60 
lb. for the raihfed and ly.liJO lb, for the irrigated sorghum. In the 
West Coast llebearch Btations, the yield varied from 4,000 lb. tO 
10,400 lb. of green fodder per acre. Irungu, eholam {SorgkAIM 
dochna (Forsk) var. Jrungu (Burkill, snowden) was shorter in dlUai* 
tion, more drought resistant and less susceptible to earhead bmgs 
and sugary disease than penamanjal eholam. At Eoilpatti Fam 
it was found that cutting the crop at the shot blade stage gave 
definitely better quahty of fodder with less outturn and the yield 
of the subsequent cotton was not so adversely affected as when 
sorghum was cut after setting seed. The average yield for a rain* 
fed irungu crop in the black soils w'as 3,640 lb. of dry fodder per 
acre and on red soils under irrigation 5,500 lb. of dry straw from 
a grain crop. Eaily trials with “ fish guano ” and “ Nitrolim ” 
increased yields from 4G to GO per cent but later experiments of 
1930-34 showed that manuring with fertilizers hke Ammonium 
Sulphate and Superphosphate was not economic. 

Trials with exoiw sorghums. — In 1915-16 a variety from 
Belgian Congo was tried under irrigated conditions and in 1932, 
“ Billtchtgani sorghum ”, a Boinhay type was grown on black 
soils; these types were given up, as in the former seeds settmg was 
poor while in the latter “ Galocorts ” bug atta<;k was phenomenal. 

In the Nilgins district, soighuui tailed at Nanjanad while 
at the Imperial Dairy Farm, Wellington, yields from 10,000 to 
15,000 lb. of gteeii fodder jier acie were recorded. 

Exotic types hke “ Chinese sugarcane ” and ” planker 
friend ” (at Saidapet), American t^pes such as “ Red Kafir ” and 
“ Dirarf rmlo ” at the Central Farm, Coimbatore, and 
“ 8. Margarestiferem ” at Talipaiarnba were tried, but with no 
success. 

(3) Bajra fPennisetum typhoides Stapf and Hubb.) (Tamil 
Cumbu; Telugu — Sajja or Ganti; Hindi — Bajra). — In 1879 it was 
observed at Saidapet that bajra grew very well under irrigation 
yielding 15,000 lb. within a period of about 75 days although it 
was not quite equal to sorghum either in (juantity or quality. The 
green crop was suited for making silage. At ITagari the average 
yield of an irrigated crop was 11,-300 lb. while at Palur the yidd 
was 7,600 lb. under rainfed conditions raised from July to Sep- 
tember. The yields of bajra in the different stations in the MadrM 
State are given in the folowing table ; — 


Average yield of fodder bajra in pounds per acre. 


Agticnltiiral Eeeweb 

StotiODS. 

Chintaladevi • • 
Coimbatore 
Taliparamba . • 

Pattambi 

Koi^tti • e e e3 


Pure ladder 
crop 

IxTlgaied. 


Eemarki. 


LB* 

2,300 

31.000 

13.000 

9,100 

16,800 


Low fertility of soil, , 

In 33 days. 

pennieetum lenoia fgfon 

Leone tried in 1938 in iih'IIhiBm 
L ocal type. 

Local, in red laadi, 
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At Koilpatti a variety from Belgian Congo was found good 
in 1916 as an irrigated fodder crop in red soils. 

(4) Ragi (Eleusine coracana, Gaertn), (Tamil) — Ragi; 
Telugu — Ragi ). — This crop has not been tried anywhere as a 
foddw producer. The straw improves on ensilage. 

(5) Samai (Fancium miliare, Lamb). — This minor millet 
has great potentialities as a qtdck growing fodder. At Saidapet, 
it was reported to have yielded 47,000 lb. per acre under irrigation 
in two cuttings within 138 days. At Aduthurai (1933-36) Samai 
gave 13,200 lb. as green fodder within a period of 55 days. It 
failed at Pattambi but was successful at Nanjanad (Nilgiris district) 
both as a grain crop and as a green fodder crop. 

■ (6) Maize (Zea mays) (Tamil — Mukkacholam ; Telugu — 
Mokka Jonnalu; Kannada — Musktnjola; Hindi — Butta; Malaya- 
1am — Makka cholam ). — This crop is superior to sorghum on 
account of its quicker growth , non-poisonous nature and uniformity 
of yield all through the year but is less hardy and less adaptable 
to soil and climate variations than sorghum. The maize crop 
gives huge quantities of green fodder which can be used in the 
form of silage. At Guntur it was grown both as an early and as 
a late season crop, and the yields ranged from 1,640 lb. to 4,100 lb. 
per acre under rainfed conditions. The yields of maize in the 
different stations in the Madras State are given in the following 
table : — 


Aifterage yield of fodder niaize in lb. per acre (Green weight). 


Agrionltural BcMWch 

Afl pare fodder crop. 



Balnfcd. 

Ifrlgated. 


Saidapet 

. . 

12,000-17,000 

.... 

Hagari . • 


4,300-11,600 

Cultivated sinoe 1931. 

Nandyal 

2,200 

. . 

Tried in 1930 only. 

Ghitttaladevi 

4,000 


(1921-32) average. 

Hbaor 

• « • . 

13,300 

(Just when cobs formed 
inoreases milk yield 
of cows). 

Kasaigod 

.. 3,600 


Inter crop in coconut 
plots. 

Pattambi 

2,000 

• . 

In Modan lands. 

Koilpatti 

# • • • 

3,000- 3,800 

(Highest yield 30,800 lb. 
in 1936 with pond. 
rsMs). 


(7) Teosinte {Euchlgena mexicana ). — This maize ancestor 
introduced at Saidap^ in 1881, was found a heavy yielder but 
could not withstand drought and was, therefore, limited to moist 
tracts or where irrigation was possible. The fodder was, more- 
over, very watery and devoid of any sugary matter and not quite 
piJatable for stock feeding. Contrary to the above, it was very 
wdUi relished by stock at Hosur being distinctly sweet at the 
flowering stage and like maize capable of stimulating milk produc- 
tion when cut and fed at the optimum stage. The yields of 
AJC .— 48 
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teosinte at the different stations in the Madras State are given in 
the following table : — i 

Average yield of green fodder teosinte in pounds per acre. 


Agrioultaral Research 
Stations. 

As pure fodder crop, 
r-"..'. -V.-! ■ 

Remarks* 

Guntur 

. . 

Ralnfsd. 

/ 4,000 

• • \ 2,8B0_ 

Irrigated 

^ Early season. 

(^Late season (PairU), 

Palur 


. . . • V 

^ 34,800 

Sown in July— ^Harveilt 
two weeks earlier than 
oholam. ' 

Aduthurai 



, 3,600 

4,100 

October sown. 

e • * * 

Coimbatore 


. . • • 

28,400 


Hosur 


. . 

26,000 

.... 

Taliparamba 


630 

20,800 

.... 

Pattambi 


. . Failure. 

Failure. 

— 

Koilpatti 


1,500 

10,200 

— 

Hill stations 

. . 

. . 

16,500 

..., 


II. Leguminous Fodders — (1) PilUpesara (Phaseolus Trilo- 
bus).— 'This is the most popular fodder and green manure legume 
grown in the deltas of Krishna and Godavari, now also extendihg 
to other parts of the Madras State. The plant is wiry and crawling 
stands two to three cuttings for fodder and then gives a fair outtium 
of seed and is less susceptible to insect pests than sunnhemp. The 
yields of PilUpesara in the different stations of the Madras State 
are given in the following table : — ^ 

Average yield of PilUpesara fodder in pounds per acre. 


Agrlenliaral Eesearoh 
Stationa, 


SmaJkot 


Maruteru 


Gunttir 


Nandyal 

Hagari 

Chintaladevi « * 
Aduthurai 


Coimbatore 
Hoitir .. 
kailpatti 


As pare fodder crop. 

r— — 

Ralnfed. Irrigated. 

15,600 


Remarks. 

Sowing in November in the 
standing crop of rice foi^ 
best in 1929. 


Ryots grow on fieW bunds in 
montbly sowings from June 
fodder. 


10,700 

11,200 


2,200 


• • 

6,800 

8,208 


. • Punasa (July to September) 3 : i 
Sorghfum PiUipuam fbuiid 
good. 

. • 3:1 Sorghum — Pillfpesara miu* 

turo pulled down grain yield, 

6,700 

• • • • . . 

16.000 (i) April sown irrigated crop— two 

cutting taken by Novetnlm 
and left f<n* seed. 

(ii) sowing in rice in November 
good<~-iuter one cuttings 
ploughed as green manufe. 

(iii) Mixed crop from June to 
l^ptember with mai i e fit fbf 
fodder and silage. 

11.000 Wetlands. 

.. Grown from 1926. 

18,500 Grown from 1681, 
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PiiUpesara as hay . — ^During 1939, pillipesara dried and 
pressed into bales of 80 lb. at Adnthurai, was fed to cattle at 
Coimbatore in feeding trials. Each group consisted of three indivi- 
duals; one received only pillipesara hay, one only rice straw, and 
the third a mixture of both the fodders in equal proportion. It 
lyas foimd that good pillipesara hay is equal in palatability to good 
rice straw. 

(2) Sunnhemp (Crotalaria jimcea) — (Telugu — Janumu). — 
The sunnhemp Gopalpore is a dual purpose legume fit for both 
fodder and green manure. It is fed green dried like hay (as in 
Krishn a district) or is grazed iu the field. It grows well on a wide 
variety of soils but is susceptible to insects. The sowing in 
November in the standing rice did not always give a good crop, 
as the damage from caterpillars was very much more severe than 
when grown in March under irrigation. The yields of sunnhemp 
in the different stations in the Madras State are given in the 
following table : — 

Average yield of sunnhemp fodder in pounds per acre. 


Agilettltar»l Besearch 

Foddtif. 

Bemarks. 

Stefcloiia. 

Dry 

lands. 

Wet 

lands. 


Samalkot 

. . 

14,300 

.... 

Maruteru . . . • 

a a 

16,700 

.... 

Ghintur 

2,000 

(dry fodder) 


Sown in July or August— opti- 
mum time second week of 
August. 

Hagari .. 

•• 

6,000 

(green) Silage prepared from July 
sown crop. 

Kandyal 

failed, 26,000 

(irrigat^) 

in 1925. 

Chiaialadevi 

1,900 

• • 

Hay— July sowings better than 
September or December sow- 
ings. 

Palur 

• , 

6.100 

Qreen manure. 

Palakttppam 


3,400 

16,300 

Hay. 

Oreen manure— June sown. 

Adttthurai 

*• { 

1,900 

Deoember sown crop— pest 

attacked. 

Hogor 

, , 

8,600 

For silage. 

VMaxohi 

4,700 

10,000 

Not suited — sown in September 
in 1932. 

Koilpaki 

•• 

8,700 

Irrigated red soils— crop for silage 
making. 


It was found that by sowing sunnhemp in September on 
field bunds and taking care to nip off the top shoots just before 
‘the flwai shoots appeared, buds were induced to form in greater 
profusion on the axils of leaves and a good seed crop was obtained 
wi&put difficulty. The cost in this case worked out only to a 

A.M. — 18a 
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rupee per 160 lb. of seed as agaiust Bs. 80 to 50 often charged by 
middlemen. 

(3) Cowpea {Vigna catjang, WeUp ). — Among the legami- 
nous fodders, cowpea appears better suited to the humid West 
Coast than anywhere else. Its performance in the different 
stations is given below : — 


Average yield of cowpea fodder in lb. per acre. 


Agrtonltaiftl Besearoh 

Stations. 

W6i||ht 

fodder 
in lb. 

Eemwks. 

Chintaladevi . . . . • 

1,500 

Sown in Funasa. 

Samalkot 

•• 

Better sown in November in tioe 
standinff crop than as irrigated 
erop in February. 

Maruteru 

•• 

Sown on bunds with piUipmura and 
sunn hemp from June onwards. 

Quxitur 

. . 

Grown in lOSO-SG for green manure* 

Hosur 

6,600 

.... 

Falur 

Aduthurai 

6, 4001 
10,700/ 

For green manure. 

Coimbatore 

- 

Not prominent for fodder or green 
manure. 

Koilpatti 

14,600 

Under irrigation, failed. 

West Coast 

. * 

May end to June, early sowings best* 


(4) Horsegram (Dolichos biflurus) — (Tamil — Kollu, Telugu 
— Ulavalu, Malayalam — Muthira, Kannada — Hurtdi, Hindi— 

KuUhi ). — Horsegram is the most extensively grown pulse crop, 
corresponding in this respect to the Bengalgram crop of Northern 
India. Horsegram furnishes concentrated feed for cattle supple* 
menting the bulky straw fodders. Invariably it is grown as a dry 
crop under a moderate rainfall not exceeding 35 inchM. In 
tracts of higher rainfall, it is sown after the rains have ceased, 
growth being due to the soil moisture helped by the dew of the 
season. It is grown over a wide range of soils, excepting the 
badly alkaline soils; it is a kind of preparatory crop on the new 
land. Benson from Saidapet (1879) reported that it is capable of 
yielding as much as 10,600 lb. within about 70 days, uudffr 
moderate application of manure to the rainfed crop. It 
excellent hay with very palatable smell, the dry weight being about 
25 per cent of the green weight. 

At Anakapalli horsegram is broadcast in the Pedapanta 
season (August to September) and in Puruua season (June to July) 
after ragi or ganti (bajra). At Samalkota and hlarutcsru it ^ sown 
in the standing rice crop in November, and pods gathoed in 
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February. The bhusa (residue of vines and empty pods) is used 
as cattle feed. In the uplands it is broadcast in October after an 
early crop of gingelly or cereal and harvested in February. The 
yields of horsegram fodder in the different stations are given 


Avemge yield of horsegram green fodder in pounds per acre. 


Ifrienlitnal 

YldA of fodder. 

Remarks. 

jHMNHrcn 

StatKtts. 

Ealnfed. 

Irrigated. 

Hagari 

4,800 

8,100 

Not popular in the black«8oil of Ceded 
Distriote. 

Chintaladevi 

900 

•• 

November sown after sorghum and bajra 
pure or mixed. 

Palakuppam 

6,000 

• • 

In 1931 after bajra. 

OoimbatOFe 

3,000 

. . 

.... 

Hosur • • 

2,000 


Horsegram, lab>lab and gingelly grown on 
large scale in Hosur tracts. 

Taliparambs 

• • 

• • 

Mainly as a grain crop after modan rice 
mixed with iamai (panicum miliare) 
gingelly or sweet potato. 

Patiambi 

3,060 

. • 


l^ovilpatti .. 


12,700 

In 1936 in red soils. 


(5) Lucerne (Medicago sativa). — This valuable fodder crop 
was first introduced in Madras in 1916 in the Central Farm, Coim- 
batore, and is since being regularly kept on successfully. Though 
its value as a nutritious fodder is recognized, it is confined only 
to small ploti^ in private farms of progressive ryots of the State, 
besides Government farms. This crop is thriving well in the 
hot climate of this State though a native of temperate Asia 
originally. The cuttings are heavier in the cold months from 
November to January than in the hot period of May to July. The 
crop needs a deep well drained loam rich in lime with adequate 
manuring and irrigation. Sullage water can be used with 
advantage. Being a rich feed it would suffice to give five to ten 
pounds per animal per day and on this account only small plots 
are raised in the farms. It did not thrive well in the West Coast 
due probably to the very heavy rains and the shallow lime-deficient 
laterite soils of the area. The average annual yield was 36,000 lb. 
|»r acre in six to ten cuttings. The crop is raised from seed and 
IS usually kept three to five years. 

Apart from its value as forage crop, lucerne is also reported 
as useful in the control of malaria in countries like Egypt, Argen- 
tina and Caucasus region. The cost of cultivation was rather high 
in the beginning at Coimbatore, namely 149 lb. per rupee in 1917 
or. Bis. ISB per acre, and the average was 426 lb. per rupee. 
Attemjds to introduce this crop in the Sircars have not been very 
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successful. The performance of lucerne in the various Agriotililiral 
Eesearch Stations is noted below : — 


. AcriontltiirAl Besewroh Stations. 

Average 

tailb. 

Bemacks. 

Samalkot 

25*000 

In 1931* given up subsequently. 

Gtmtur 

660 

• • • • 

Chlntaladevi • • 

l.MO 

Maxiipum yield. 

Hagari . . . . 

•• 

Grown in lOlS, 1919 and then oontinued 
from 1922 every year. 

Palur 

• • 

Grown in three cents. 

Tindivanam 

14*100 

» • • • 

Hosor 

80*220 

From 1924. 

Taliparamba (West Coast) . . 

• • 

Failed due to heavy rainfall coupled 
with shallow laterite lime deficient 
sods. 

Koilpatti 

27.300 

In six cuttings. 

Nanjanad (Nilgiris) 

27*400 

e • s • 


(6) Berseem (Trifolium alexandrinum, Linn). — ^Berseem 
is a highly nutritious and succulent fodder for dairy cattle. It is 
a quick growing annual leguminous plant of succulent hollow 
stems, abundant leaves and rapidly decomposing roots full of 
bacterial nodules. It, therefore, lends itself to be a very useful 
rotational crop even on highly priced lands without reducing 
fertility. It is very doubtful if there is any other annual forage 
crop in the world which can be cut four or five times in a season 
producing as much as four to seven tons per acre, at each cutting 
Being an annual grown for centuries under copious irrigation, it 
has a very shallow root-system. It is, therefore, not suitable for 
cultivation on dry arid soils even where the deeper layers are moist. 
This crop was tried at the Central Farm in 1924 and at various 
other centres, namely, Hosur 1928, Samalkot 1929, Anakapalle 
1933 and Koilpatti 1^6, but was found poor in outturn. Finding 
that berseem was a failure in 1938-39 when it was sown in the 
normal sowing seasons of the State, an attempt was made in 
1939-40 to obtain berseem seed from Peshawar which was tried 
at most of the Agricultural Besearch Stations. To ensure good 
■growth, the. seeds were treated before sowing with a culture of 
berseem nodule organism supplied by the Government Agricultural 
Chemist. Optimum conditions of t-oil, manuring and irrigation 
were given in all trials. In most of the places, the seeds germi- 
nated well, but the subsequent growth was not uniform. The 
trials indicated that the months of September (Hagari), October 
(Siruguppa and cotton Breeding Station, Coimbatore) and 
November (Anakapalle and Tindivanam)' were favourable for ihe 
growth of berseem. When sown out of these months the oit^ 
eiQier failed or was stunted and gave very poor yield. Berseeih 
w:as a total failure at Samalkot, Guntur, Kalahasti, Nandyal^ond 
certain villages in the Tanjore district, Taliparamba , jad ' tjjie 
coconut stations in South Sanara. Poor yields of X,0{X) ^ lb. 
of green fodder per acre were recorded at the Botanic O^eiie, 
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Ootacamund, the Central Farm and the Millet Breeding Station 
at Coimbatore. At Anakapalle, Hagari, Siroguppa, Koilpatti and 
the Cotton Breeding Station, Coimbatore, berseem gave fairly 
heavy yields varying from 10,000 to 20.000 lb. per acre, but in 
all places the crop was unable to survive the hot weather (commen- 
cing in March) and dried up after two or three cuttings. 

From the trials made so far, it is seen that (a) berseem 
seed germinates well and comes up better if grown before winter, 
(b) that it requires heavy manuring, copious irrigation, retentive 
soil and temperature below OO'F, (c) that if any of the above condi- 
tions are not satisfied, the crop gives less yield, (d) that above all 
it has a very poor seed setting habit in this State, which is a 
B^ouB drawback and (e) that the crop cannot therefore be recom- 
mended to ryots except in elevated places like Hosur, Kotagiri, 
ptc. 

Considering the fact that this crop fails to set seed, and 
the fact that seed for sowing an acre costs Bs. 7 to Ks. 8 when 
imported from outside, berseem has not much scope as a fodder 
legume in this State. 

(7) Other pulses. — (i) Blackgram {Phaseolus mungo L). 
Kannada — Uddu ; Tamil — Ulundu ; Telugu — Minumulu or Uddulu ; 
Malayalam — Uhunnu ; Hindi — Udid. 

(ii) Greengram (Phaseolus aureus Box). Kannada — 
Hisaru, Tamil — Pachai payeru, Telugu — ^Pachpesalu, Malayalam — 
Cherupayeru, Hindi — Mung. 

(hi) Bengalgram (Cicer arietinum L). Kannada — 
Kadale ; Tamil — Kadalai ; Telugu — Sanagalu ; Malayalam — ^Kada- 
lakka, Hindi — Cheenai. 

(iv) Theegapesara (Phaseolus sublobatus Eoxb). 

(v) Lab-lab (DoUchos lab-lab L). Kannada — Avare; 
Tamil-r*Mochai ; Telugu — Anumulu ; Malayalam — Mochakotta ; 
Hindi — ^Ballar. 

(vi) Lentils (Lens esculenta, Moench). 

(vii) Lupins — (Lupinus spp). 

(viii) Soyabeans (Glycine max merryl, G. Soya). 

(ix) Glycine javanica, L., a legume which was collected 
in lower ranges of Coimbatore has proved to be a well spreading 
legume in addition to its possessing good feeding value. It is 
drought resistent and is easily raised from seeds. 

(x) Alysiearpus rugosus, DC. was successfully tried aS a 
mixture in the grass lands in Bhavani reserve forests of Coimbatore 
district. 

The first five are grown as catch crops on all t3rpe8 of lands, 
^eetafiy the poorer types of soils; the grain is used as food while 
the hhmk is fed to cattle. At Samalkota blackgram or greengram 
or theegapesara (creeping greengram) and sunnhemp are sown 
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broadcast in the standing rice crop in November. After the harvest 
of rice, the pulses remaip in the field till February when the pods 
are gathered and the sunnhemp is cut for hay or grased down» 
The performance of the minor pulses at the various Besearch 
Stations is given in the following table : — 

Performance of minor pulses as fodder {in pound per acre). 


1 


ijzrloaltural 

AQseaioh 

Station. 

s 1 
1 1 

Green gram. 

Tbeegapessrs. ^ 

2 

14,500 March • . 
sown. Irriga- 
ted. 

Soybeans, 

Samftlkot • 


. . aw 

Behrum pen* • « 
fl^promls- 

mg. 

Maruteru • . 


Periodical cuttings 
for fodder — 

sown in July on 
wet land bunds. 

* • • a • • 

• • • • 

Chinti^adevi. — AU legumes grown aa mixtures with pedda Jenna and ptnru jonna. 
Palur. — Blaokmm and bengalgram tried]^ second crop-af^r baira, not, promisiiig 
Coimbatore . — ahusa fed to cattle— green fodder. 

Hosur 




.. 6.400 

(IM«) 





Koilpatti .. 

11,500.. 

• • • • 

. . . .* • . 

• • • • 


m. Miscellaneous fodders — (1) Sweet potato. (Ipomoea 
batatas, Poir ), — The vines stimulate milk secretion when fed to 
cows and constitute a palatable green feed. At Chintaladevi the 
average outturn was 8,000 lb. of vines per acre (1921-24). At 
Hosur the average yield was 29,000 lb. vines and 6,409 lb. tubers. 
At Coimbatore in 1929, 1933 and 1936 it was grown and fed to 
cattle. For the last two or three years sweet potato as a subsi- 
diary food crop has gained great importance and several American 
and other exotic varieties are under trial in the various research 
stations of the State. 

(2) Sunflower (Helianthus annus, Linn). — Sunflower 
makes a palatable silage; it is a quick growing, heavy yielding 
crop, not much relished at first by cattle. At Chintaladevi it 
yielded 10,000 lb., at Hosur 31,700 lb., and in the Central Farm 
7,000 lb. (1924). Sunflower was tried in various centres in the 
Madras State. It was a failure on the bills and in the West Coast. 

(8) KoUaganjeru (Ipomoea hispida R & S). — This is a 
hardy, creeping drought resistant annual of high feeding value, 
being rich in proteins, fats and potash; it stimulates mpk yi^. 
It was a success in Coimbatore (28,000 lb. of fodder) Guntar, 
Bddary and Pattambi (7960 H>. of fodder) and was also fboad 
to be effective in smothering weeds. 
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The results of the trial of Ipomoea hispida 11 & S. as a 
^der crop on the Agricultural Besearch Stations at Aduthurai, 
Palur- and Koilpatti are given below : — 

Aduthurai. — 10,000 lb. per acre o? green fodder. 

Palur. — 14,000 lb. per acre. 

Koilpatti. — Ipomoea hispida was tried both in red and 
black soils as an unirrigated crop for one season only and was 
{Komising with 10,155 lb. on red and 3,158 lb. . on black soils. 
Ipomoea grown as a mixture with fodder sorghum (AS 3,355) on 
the A^cultural Station, Aduthurai, in the vegetable area were 
G,8i5 lb. and 23,846 lb. per acre, respectively. 

(4) Subterranean clover (Trifolium subterraneum, Linn '^. — 
This plant is a native of Southern Europe and is also found in the 
Azores, most frequently in light sandy soils. It has been introduced 
into Australia and several parts of the United States of America 
and has made a very good pasture plant. 

Early in 1938, a small quantity of subterranean clover seed 
obtained from the Okara N.W.Ky. (Distf. Monttgomery) was tried 
at the Government farms in Nilgiris district. The plant grew 
well flowered profusely and set seed only at the Government 
Botanical Gardens, Ootacamund. 

About 15 oz. of seeds were collected. The seeds were tried 
at the Agricultural Besearch Station, Nanjanad and Government 
Botanic Gardens, Ootacamund. At Ootacamund and Nanjanad 
germination started in eight days and was completed in 18 days 
after sowing. Though the growth was slower during the ensuing 
cold months, the plants were not appreciably affected by frost. 
The plants commenced flowering in March-April and seeded during 
May- June at the Government Botanic Gardens, Ootacamund. At 
the Agricultural Besearch Station, Nanjanad, seed formation was 
noticed from the middle of June. Cultivation was mostly rainfed. 
Light irrigation by hand-watering was given at weekly intervals 
during dry weather. The clover was observed to be nearer to 
lucerne than to grass in point of relish or selective feeding. 

(6) Trees and shrubs of fodder value. — Generally speaking, 
fodder from trees and shrubs in Madras must be considered as 
scarcity fodder. An exception is the practice of feeding pods of 
Acacia leucophloea Willd (Syn. A. alba) to high grade cattle in the 
Kangayam area of Coimbatore district, where expert breeders say 
that they give an extra bloom to the coat of the animal which 
means a higher sale value. In the Salem and North Arcot regions, 
iheie is a breed of cattle which feeds almost exclusively- on the 
shoots and leaves of Albizzia amara. Boiv. even when grass is 
available. (K. C. Jacob. 1942.) 

Leaves of Erythrina indica (both thorny and thornless) were 
fed to milch cows at the Central Farm. Coimbatore, during March- 
April 1950 as an experimental measure to find out' if addition of 
Ibe l^en leaves of Erythrina indica would increase milk yield and 
fat content. The cows in the experimental group received 10 lb. 
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of the leaves besides the usual concentrate and bulky fodders. The 
result of the experiment showed that no advantage was derived by 
inclusion of the leaves in the feed, either in milk yield or fat 
content. 

The view generally held by forest officers is that tree and 
shirub fodder is taken mainly to meet abnormal conditions. It is 
likely to remain in demand at special seasons so long as the 
cattle population' remains excessive and until measures are taken 
to ensure the reservation of adequate stocks of dry season fodder 
by cattle owners. As pasture management improves, and methods 
for the storage of excess forage produced during the monsoon 
become more popular, demand is likely to decrease and the ultimate 
objective should be to eliminate altogether the use of tree or shrub 
leaf fodder, since lopping at the period of maximum activity of 
the plant cannot but be detrimental to its health. In the mean- 
time the policy is to grow fodder trees along with other species in 
all forest plantations in the dry districts so as to create a reserve 
against possible seasons of shortage. Where the problem is more 
acute, rotational lopping of selected species is indicated. 

Other plants that have been noted as being popular for 
fodder were Albizzia lehbeck, Benth, Azadirachta iridica, A Tubs, 
Bombax malabaricum, DC, Dalbergia latifolia, Koxb, P. Santali- 
nus, LF, Santalum album, L and TamarinAus indica, L. Eriaden- 
dron anfractuosum, DC, Pterocarpus marsupium, Boxb. The bam- 
boos, Rambusa arundinacea, Willd, and Dendrocalamus strictus, 
Nees are lopped extensively in north Salem in seasons of fodder 
scarcity. “ Other trees and shrubs of fodder value are Bassia 
longifolia, Linn, B. latifolia, Box, Mangifera indica. Spondias 
mangifera, Willd, Moringa pterigosperma, Gaertn, Cedrela toona, 
Boxb, Erythroxylon monogynum, Boxb (Basterd sandal), Oavavr 
ma tomentosa, Kunth, Ficus glomerata, Boxb, F, religiosa, L, 
F. bengalensis, L, F. infectoria, Boxb, Artocarpus integrifoUa, L. 
Sesbania grandiflora, Pers, Eugenia jambolana, Lam, Thespesia 
populnea, Cav, Poinciana regia, L. Pithecolobium saman, BauJiinia 
purpurea. (Ayyar A.K.Y.N. 1944.) 

Nutritive Value and PALATAniLin. 

Apart from the inadequate supplies of fodder, the quality of 
fodder judged from its nutritive value is also poor. A substaniial 
portion of the supplies, representing 21 million tons, is the cerbal 
straw left over after threshing grains. Cereal straw has only poor 
nutritive value for, growth as well as for milk production. The 
nutritive ratio ti.e., the ratio between the digestive crude protein 
and the non-proteins) furnishes one index bv which the suit^Sitv 
of various fodders may be judged. For milk production,. Iho 
nutritive ratio of the ration should not be wider than 1 : 10 umI 
the higher the milk yield, the narrower should be the ratid. ' IWy 
folder like paddy straw which is abundant in ihe Madras hlMt 
a nutritive ratio of 1 : 40. . i 
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Several high yielding and nutritious grasses, like Guinea grass, 
Napier grass and Khodes grass with nutritive ratio between 1 : 12 
and 1 : 10 were introduced, as reasonably good sources of nutrients 
for milch cattle. Lucerne or Alfalfa, with a nutritive ratio of 
i : 4 or 1: 6 is ideal for milk production. 

Investigations made at the Coimbatore Agricultural Research 
Institute have indicated a wide range of mineral deficiencies in the 
fodder grass in the different parts of the Madras State and the need 
to supplement the cattle ration with calcium and phosphorus. 

The chief factor, however, in the selection of the fodder is its 
palatability. Chemical composition comes next. From the point 
of view of feeding animals, the most important constituents are 
(1) Carbohydrates, (2) fats, (3) proteins, (4) minerals and (6) 
vitamins. Most of our fodders contain sufficient supplies of 
minerals. The fodders and sunlight give all the vitamin the animal 
wants. The carboliydrates comprise cellulose, starches, sugars and 
gums, the last three being easily digestible. Oils and fats are 
present in all fodders in small quantities. Oils and fats possess 
greater food value than carbohydrates. The nitrogen is supplied 
by proteins which are essential for life. The value of different 
fodders is judged on the basis of energy supplied by the carbohy 
drates, fats and proteins as follows: — 

1 Unit of carbohydrates . . . . 1 Unit of energy. 

1 Unit of Protein 1 Unit approximately. 

1 Unit of oil or fat . . . . . . 2*3 units approximately. 


The composition of the different fodders is indicated in the following 
table : — 


Name of th« foddor 

Hoiftture 
per cent 

Anh 

per cent. 

Protein. 

Fat. 

Fibre. 

Carbo- 

hydrates. 

(1) 

<2) 

(8) 

(4) 

(6) 

(6) 

(7) 

'Bim straw (mean) • • 

9-85 

16*30 

3*34 

1*46 

347 

87*86 

JtiHfi straw „ 

9*885 

12*102 

2*187 

2*374 

28*221 

44*878 

Bafra straw „ « • 

7072 

8*046 

1*942 

1*836 

87*632 

43*648 

SPsnof and mragu 
straw (mean) 

8*716 

10*060 

1*969 

2*662 

28*840 

47*699 

Ohmgaligaddi {Jseu 
tmia Anthepho* 

foidm) 

7*23 

11*08 

4*26 

1*99 

32*17 

48*27 

Nanabalugaddi {Ert» 
mapogon fov€otaiu§ 
stoRf) 

7*68 

12*05 

3*39 

1*66 

82*43 

42*94 

(SMfM 

6*87 

18*79 

2*93 

1*47 

32*04 

87*90 

^piirokaiycau 
^ mam fy»go9vm) . . 

7-88 

8*01 

4*64 

1*84 

83*83 

48*85 

PmdUMym 
(Heteropogon Con* 

. HoHus ISaauv) 

6*80 

6*81 

2*46 

1*41 

34*48 

49*64 

gam (Era* 
gfOstisbtfMa) W 

8*10 

9*97 

2*60 

1*77 

88*84 

48 «e 
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Nftme of the fodder 

grus. 

Moisture 
per cent. 

Ash 

per eeat. 

Protein. 

Fat. 

Fibre. 


(1) 

(2) 

(8) 

(4) 

(6) 

(8) . 

m 

Quinta groBB (Panioum 







maximum) Jaoq . . 

64-67 

4-68 

1-62 

-83 

13-00 

•16-40 

Napier graas 

18-63 

8‘13 

6-84 

1-29 

27-66 

1 39-00 

Do. 

87-22 

1*92 

1-64 

0-31 

4-27 

t 4*64 

Tiff groBB (Eragrostis 
abyaaiaioa) 

Teosinte (Euohlaena 

6-67 

920 

8-38 

1-63 

86-37 

1138-86 


mexicana) 

Kikiyu grasB (Penni- 

2-71 

9-72 

3-66 

2-38 

31-25 

II 60-28 

setum olandesti- 
num) Hahst 

8-09 

14-83 

9-99 

3-46 

21-96 

il 43-68 

Efwatakcda graas 







(Melinis minuti- 
flora) 

71-00 

2-34 

2-92 

0-61 

8-06 

16-08 

Lucerne 

10-00 

11-20 

20*16 

1-86 

19-80 

43*49 

FilliptBcrra .. 

10-73 

18-40 

11-42 

1-26 

22*06 

41-43 

Beraeem 

11-76 

11-98 

14-96 

2-26 

21 60 

37-46 

Agathi leaves 

10-00 

10-46 

30-13 

2-01 

6*10 

42-30 

Nailamada (Avioen- 







nia offlcin^is L). 
Chiraihelathiga 

8-64 

12*86 

11*34 

• * 

• • 

• • 

iDerris uliginosa, 
Benth) . . 

6-72 

6*84 

16-42 




Ytpi (Hardwickia 

• 






binata) . . 

7-78 

9*14 

10-79 

6-21 

28-21 

38-37 

Sunnhemp . . 

79-00 

^2-89 

2-04 

0*78 

0-63 

14-66 

Ragi 

7300 

4-06 

4-27 

1*36 

8-10 

9*22 

• Fresh grass. 

t Dried. 

X Fresh grass. 

II Hay. 


All the tree leaves have a high crude protein content and are 
comparable to berseem and luoen certain oases. The oaloinm- 
phosphorous ratio in leaf fodder is high varying 5:1 to 16:1. 


The chemical composition of the tree leaves are indicated 
below— (T. V. Eeddy— 1949). 


Species. 

Common names. 

Crude 

protein. 

Cao. 

P206 

Adina cordiolia 

Manja Kadambai , . 

.. 16-26 

2-41 

0-26 

Bauhinia Variegata L 

Mandarai . . 

.. 13-16 

3*60 

0*04 

Anadiraohta iodioa A 

Neem 

.. 16-31 

6*53 

0-48 

Ficui religiosa L . . 

Feepul 

. . 12-68 

4’58 

0-47 

Fioua infectoria 

KcUalai 

.. 10 90 

292 

0-46 

ZizyphuB Jttjuba Lam 

Jlandai 

.. 12*80 

4.23 

0-78 

Dalbergia aiaaoo Roxb 

ShiBlian 

. . 16-26 

4-73 

0*64 

Acaoia catechu WAS 

Sundra 

.. 11-81 

4-66 

0-19 

Hardiwickia binata Koxb. 

Yepi 

.. 10-79 

4-10 

0*24 


The composition and nutritive value of the more common 
fodders are discussed below ; — 


Name of 
fodder. 

Moisture. 

Ash. 

Proteins. 

Fat. 

Fibre. 

Carbo 

Hydrates. 

Hntrltlve 

valuee. 

Sorghum green . . 

69-52 

3*67 

1-30 

0-48 

10*46 

14*81 

1 : 

11*7 

Maize green 

88 92 

1 88 

113 

0-31 

8 U 

4*66 

li 

4*7 

Luoeme . . 

10-00 

11*20 

20-16 

136 

19*80 

43*49 

1: 

2-8 

Guinea grass 

64-67 

4-68 

1-62 

0*88 

13-00 

16 40 

It 

1^7 

Fmh Napier 







grass . . 

87-22 

1-92 

1*64 

0-31 

4*27 

4*64 

li 

M 

Pillipesara « . 

10-73 

13-40 

11'42 

1-26 

22*06 

41*43 

It 

3*9 



Strom of cereals* 





Rice • , 

10-77 

1613 

3-27 

1*42 

29-43 

88*98 

1: 

12*9 

Sorghum 

14-20 

9-26 

4-63 

1-71 

82*91 

61-69 

li 

12-8 

Ragi • • 

12-37 

9-«8 

2-82 

1-61 

34*29 

49*4 

It 
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Sorghum straw is better than that of rice. Kagi straw is con- 
sidered poor and inferior to rice straw. Guinea grass is relished 
better than Napier grass which develops to woody stumps when 
left to grow old. Maize is a good and palatable fodder crop when 
out and fed at the time of formation of cobs. Lucerne, piUipesaia 
and sunnhemp are good leguminous fodders rehshed well by 
animals. 


SUMMABY OF EKSBAUCH ANO I’HB FUTUKB. 

The Fodder and Grazing Committee concluded thus in 1947 : 
*' In the first place the assumptions about yield per acre should be 
carefully scrutinized and the data for production of various classes 
of fodder and grass correct. The proportion of the total animal 
popolation should be determined, if possible taluk by taluk . . . 

the standard ration per each region computed . . . the qualita- 

tive value of the lation in each taluk should be examined and 
deficiencies in intake of protein, minerals, salts and vitamins should 
be carefully registered. Further it is desirable to study the trend 
of changes of population, fodder production and ration over a period 
of some length. When these studies have been made and ihe 
variou? important correlations fully determined, it should be pos- 
sible to frame scientific policies for each region and sub-region. 
Till then it will be unwise to say how far deficiencies should be 
met by import of fodder, by increasing production of fodder or 
grass, by reduction of the animal popidation or by more careful 
and thorough utilization of the available fodder and grazing.” 

The summary can better be expressed in the words of 
Mr. G. N. Bangaswami Ayyangar (1940) : “It would be useful 
at this stage to sum up the general position of fodder crops in the 
State. In the Yisakbapatnam district, apart from the straw from 
major foodgrains, rice, bajra, and ragi, and to a lesser extent, the 
straw from sorghum, korra, and samai tliat are utilized for cattle, 
fodder crops as such are not raised to any appreciable extent. The 
hulms and Bbusa from pulse crops like blackgram, greengram and 
horsegram and groundnut are often utiUzed. Pillipesara is becom- 
ing popular in paddy lands both as green manure as well as fodder. 
In the deltaic portions of Godavari. Krishna and Guntur, pillipesara 
is a popular green fodder, while sunnhemp is another fodder crop 
nsoally made into hay and stacked along with paddy straw. In 
the dry lands of these districts, since what little grazing was avail- 
able once is all gone now, sorghum, either pure or mixed with 
pillipesara, is grown as a fodder crop in the early season and as a 
grain crop in the late season. In the ceded districts, the area 
cropped per pair of cattle is so large that in normal years the ryot 
gets all the fodder he needs from the sorghum straw on this 
Mrea. He is, as a rule, fully aware of the fodder value of mixing 
l^fumes with his cereal straw, but, with seasons so uncertain, he 
is unwilling to risk pulling down his sorghum yields by having 
such mixtures. In 'the black soils of the south, in Madurai, 
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Bamanathaparam and Tirunelveli, the ryot usually seserves a 
portion of laud for growing rainfed sorghum as a pure fod4er erop, 
using very high seed rate to get the stalks thm and hue. On the red 
soils, however, sorghum is a grain crop. Here, it is often mixed 
in the pulses if rainfed and grown pure only when raised under 
wells. The fodder supply may be said to be adequate in these 
districts, but the same caimot be said of Tanjore and parte of 
South Arcot where paddy straw is the mainstay for cattle. Pilli- 
pesara has been a success here, so that it is worth while to 
advocate grpwing it either pure or mixed with fodder <K}rghum 
in paddy lands from January till Jime where there is no paddy 
crop. Guinea grass or Napier’s fodder also can be planted along 
bunds and sides of water channels. In the garden land districts 
of Coimbatore, Salem and North Arcot, sorghum, both as a 
rainfed as well as an irrigated crop, is the mainstay for fodder. 
Pulse mixtures too are common practice. The merits of lucerne 
are getting to be well known and recognised in Coimbatore. In 
the town itself, a regular agency has sprung up, supplying lucerne 
for milch cows and jutka horses. On the humid west coast 
(Malabar and South Kanara) green grass is available from July to 
December and although the cattle are usually half starved for t.ie 
rest of the year, from January to June, the raising of fodder is 
hardly ever practised. There seems to be a good scope here, for 
a wider use of forage crops like green bajra and cowpea, converting 
them into silage for use during the dry months from January to 
June. In the Nilgiris also, the need for raising fodder crops is 
not yet felt, although here too^ suitable crops are available such M 
samai, feosinte and lucerne.” 

The causes of the present fodder scarcity in areas outside 
reserved forests are (1) progressive deterioration of pastures in 
porambokes and other lands, (2) breaking of pasture lands for 
cultivation, (3) increase of area under current fallows, (4) a probably 
large extent under non-food crops and (6) a very small area about 
1-5 per cent of the net area sown under fodder crops. 

As regards the future prospect, it is safe to assume that most 
of the fodder requirements of the State would continue to be met 
from an extension of the area under the crops reviewed above, 
although, of eotirse, 4he possibility of new introductions is not 
exclud^. The Agricultural Department has demonstrated the 
utility of fodde^^ crops like sorghum, maize, guinea grass, Napier's 
fodder, luoeme’^and pillipesara. Further lines of useful activity 
apart from Ihc' continuance of advice regarding the most suitable 
fodder cropB'in different localities, under diy and irrigated oondi* 
tions, would be in the evolution of more strains of fodder sorghum, 
suited to particular tracts, and the isolation of better yielding types 
of other fodder and pasture grasses. In what may be termed 
” suburban farming areas ”, there is good scope for an intensive 
commercial cultivation of fodder crops suCh as maize and lucerne 
and supplying such fodder for milch stock in the towns. Under 
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sttoh iutexisive cultivation, the question of rotation assumes less 
importance than m truly rural areas where, with the extensive type 
of dry land fannii^, it is vital to conserve the fertility of the land 
by ji^cious rotation of crops. 

The solution of the fodder problem is the solution of the wider 
problem of bringing about a general improvement in ordmary 
f ilming practice. A partial solution of this problem would be 
achiev^ if it were more generally realised that the quantity of 
cattle manure produced on a given holding is more a function 
of the amount of fodder fed and of litter used than the number of 
cattle now being kept. It is therefore necessary to increase the 
yield of fodder to provide a sufficiency of feed for the cattle whi^h 
must be kept and to supply more litter in order to increase the 
amount of cattle manure for which there is dire need. The syste- 
matic botanist has made a study of the yield, adaptibihty and 
palatability of many fodder grasses and much more needs to be 
done. It is, therefore, necessary to make more detailed studies 
about pasture grasses on the lines of grass land husbandry in 
Scotland. 

The free cutting of hill grasses by local cultivators in certain 
forest areas has been permitted by the Forest department. To 
afford facilities and encourage the cultivators in the growth of 
fodder crops as such, the Government charge no water rates for 
them, subject to certain conditions. This valuable concession 
is made known through leaflets. In Malabar where concentrated 
rainfall makes for the lavish vegetation in a part of the year only, 
steps have been taken to convert the excess grass into silage and 
thus tide over the long spell of dry weather from January to May 
when cattle have UtUe or nothing to eat. Bagi straw hitherto 
considered as indifferent fodder has been successfully converted 
into valuable silage. 

Fodder and Grazing Committee — Constitution and 
Contribution. 

At the instance of Government of India, The Government of 
Madras, in 1938, constituted an advisory committee called the 
** Fodder and Grazing Committee ”. The member of the Board 
of Bevenue in charge of Fanchayat forests is the ex-officio chair- 
man. The Secretary of the Board of Bevenue dealing with 
Forest Fsmchayats is the ex-officio secretary of the committee. 
The Director of Agriculture, the Chief -Conservator of Forests, 
the Chief Engineer for Irrigation, the Director of Animal Hus- 
bandry and the Live Stock Development Officer are the ex-officio 
members. A few prominent non-officials and officials who take 
an interest in cattle and their, feed are also members of the 
committee. 

This committee considers important schemes relating to cattle 
and their fodder supply for suiteble action or sanction. At the 
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instance of the committee, a report was prepared on the oondi* 
tion of the panchayat forests of the Madras State and Ihe HUM^ 
sores that could be adopted to preserve and imjprove them. The 
committee published Memoirs containing statistics of the existing 
livestock and of the fodder production. An Atlas illustrating the 
same was also prepared. 

The most important finding of the committee is given below s—' 
“ The committee considers that it is time to design and inau.^ 
gurate a definite policy to improve the feeding of cattle in the 
State. It considers that the steps suggested in the Memoizs 
should be undertaken and that action should not wait until they 
are complete. It observes that the problem, as it presents itself 
in the light of the Memoirs, is one of ecology requiring a balanced 
use of the land which takes full account of the natural condi- 
tions and the requirements of the animal population. The pro- 
blem is, therefore, not one for a committee like the Fodder and 
Grazing Committee dealing with the particular aspects of land 
use, but one to be tackled by a Land Utilization Board, Working 
both through the existing departments and through a department 
of soil and water conservation. The committee repeats this recom- 
mendation for the early formation of a Land Utilization Board 
and suggests that the Board supervise the reclamation, develop- 
ment and conservation of land and water resources and that it 
should take pains to ensure that in every project, the needs of 
the animal population are given proper weight. It should see that 
when the land is reclaimed, irrigated and colonised, the cultiva- 
tion of fodder is promoted to the extent required by a plan of 
balanced development. Pending the institution of a Land 
Utilization Board, all departments dealing with irrigation and 
other projects should be urged to make a special provision for 
fodder cultivation.” 


Gkasses. 

Grasses form the most important fodder, being the primary 
food for all animal creation. Though there are hun^eds of 
grasses only a small number are valuable for cultivation for fodder 
purposes and a few for pastures. In the Botany Section of the 
Agricultural Department, Coimbatore, studies on grasses were 
begun as early as 1929 and since then surveys of grass flora of 
different districts and trials of many exotic and indigenous grasses 
formed important items of work. 

Surveys . — The first surveys were carried out in parts of Salem, 
South Arcot, Tanjore, Godavari, Visakhapatnam, Nilgiris and 
Ghmjam districts. During these surveys 170 species were c<fl- 
lected and analysed. Some of the promising ones were ghm 
trial in observation plots at Coimbatore for fodder and pratun 
purposes. Grass floras of Chittoor, South and North Amot, 
and Travancore were studied and elaborate notes were publislied. 
Thereafter a fodder survey in Ghinglepnt, Travancore high rat^ea 
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and £aiigsy»m tract in Coimbatore was made. In Travaneore it 
WAS noticed tiiat Kikiyu grass {Pennisetum clandestinum, Hochst) 
and Gkdden Croton grass (Paspalum dilatatum Pair) had spread 
dbDot 80 square miles forming a good pasturage. > 

These surveys resulted in the preparation of a “ Pasture 
jSfdts Map of SotUh India ” showing therein the predominating 
and perennials of each district. This map serves as a 
useful guide and ofEers basis for any future improvement work 
OB pasture grasses in the districts. 

Trkds of easotie and indigenous grasses. — ^The above surveys 
facilitated collecting and trying many of the indigenous grasses 
id observation plots. Seeds of grasses were also received from 
difierclnt oountnes outside India and all these were given series 
of trials. Grasses tried so far approximate to over 200 species 
bo^ exotic and indigenous. Most of these were tried under lam- 
fed conditions for selecting promising and suitable grasses fur 
pastures in the plains. Kegudar observations on growth habits, 
yield, drought resistance, and palatability were made and sixteen 
species have been selected for large-scale held trials. Since these 
Ime pnved to be successful they are being multiplied and distri* 
butedi A short account of each of these sixteen species and a few 
more that are under trial are given below. Many of these grasses 
have been under trial in agriculturists’ helds and reserve forests 
with the co-operation of Forest department and have proved to 
be, of importance in improving grazing areas. 

Exotic qbassbs. 

Panicum antidotale, Betz. (Australian drought resistant 
grass). — The seeds of this were hrst received in 1942 from 
AustraUa. During the trials this grass was noticed to do exceed- 
ingfy well in comparison with other grasses and provided green 
pasturage in summer when the other grasses dried up. This is 
reported to do well in many of the research stations and many 
imvate correspondents have certihed its performance. It is found 
to grow well in all soils except heavy and sandy soils. At present 
this is a very popular grass in the State and there is an increasing 
demand for the seeds. The drought resistance of this grass is 
remaricable. The grass yields from 15,000 to 20,000 lb. under 
rainfed conditions in two to four cuttings per year per acre. It 
raspcmds ivell to irrigation also. The seeds keep viable for over 
five years. 

Cynodon plectostachyum ; Pilger (Giat Star grass). — This is 
a native of Africa introduced in 1040 ftom seeds received from 
Paetare Besearch iStation, Pretoria, which resembles the common 
or the doub grass (Cynodon dactylon, Pers). This grass 
be propagated both by seeds and slips ; but it is easily multi- 
^bd by means of slips as the seed setting is poor. The grass has 
d good ^reading habit and is vigorous in growth. It is possible 
to take Ine first out four months after planting and the subsequent 

4 » 
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ones at intervals o{ 60 to 76 days except in the sununer rntmths 
<16th Febmary to 15th Jane). It gives an acre yield of 10,000 
to 15,000 lb. in three or four cuts. This will be suitable as a 
pasture grass in areas with rainfall over 80 inches. ,Tlus graas 
has been considered as the best and most nutritious grass, in 
ranehing country in Africa. The hay of this grass is highly relishad 
and is even said to be as nutritious as to meet the requizemeots 
of cattle even when fed alone. 

Due to divergent views regarding the palatability and tioioity 
of this grass, the analysis of this grass at various stages of growth 
for its hydrocyanic acid content and feeding value at shot-blade 
stage, followed by actual feeding trials, were conducted. The 
Giant Star grass is capable of being cultivated both under 
gated and dry conditions. The grass is found to be a quick 
grower under Coimbatore conditions. The grass was studied well 
on chemical aspects also and it was found to possess good pasture 
value. The grass is noticed to contain hydrocyanic acid at all ite 
different stages of gro'wth but the quantities were far below tbb 
accepted lethal dose of 0*20 per cent. 

Actual feeding trials conducted at various stages of its growth 
also confirm that it could be safely fed to cattle. In the wilted 
stage its palatability is neither impaired nor toxicity increased. 

In addition to the pasture value, the grass possesses soil bind- 
ing properties and can be effectively used in preventing soil erosion. 

Braohiaria mutica Stapf {Water grass). — A very valuable 
grass introduced in Coimbatore from Quilon in 1940, it thrives m 
all soils provided irrigation is available. In Koilpatti it has given 
a higher yield than Guinea grass under irrigation. In Central 
Form, Coimbatore, the yield of this grass in a single cutting was 
found to be 31,850 lb. in one acre. The total yield per acre per 
year is over a lakh and half pounds. Comparative trials with 
Guinea grass are under progress. Animals rehsb this grass better 
than Guinea or Napier grass and the feeding ^lue favours well 
with the other irrigated grasses. The water grass comes up vuty 
well in marshy areas and hence can be utilized to reclaim swamps 
and seepage-affected lands. It was tried for this purpose in four 
villages in Madurai district along the Periyar tract and was 
found successful. It may be advantageously grovm along irriga- 
tion and drainage channels in wet lands. 

Rhodes grass (ChUms gay ana, Kmth).—A ^ennial grass of 
South Africa growing to four to five feet high, is easily raised by 
seeds. At Coimbatore it failed on a'^eld scale. At Hosur it 
failed so badly due to drought in 1919 that its cultivation was 
given up. At Hosur its average yield was 10,800 lb. per acre pw 
year. Seed material of Bhodes grMs was rweived from diffecwi 
places as Africa, Australia, America, Delhi and Bangalore and 
mese .are under trial again at Coimbatore. Some of them axe 
promising. It grows well in certain soils like rich loam and alkaline 
soils and is unsatisfactoiy on clay and sandy soils. 
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p 0 nniaAtuin-elandettinumt ffpohAt. (Ktkiyu grass ). — ^This is a 
native o( tropical Africa. A perennial runner, it got introduced 
in’liilgii^f £odaikanal and Anamalais and has established m 
^ese areas. This was first tried in Central Farm in 1924 and 
yielded 19,800 lb. per acre, lln 1926 this was found not to suit 
periodical cuttings for fodder but was more suitable for pastures. 
At Nanjanad it grew well as a soil-binding grass on bunds and 
sides of watw channels, and is able to stand toth frost and water 
logging. But recently it is felt that this grass is too rapid in its 
growth and is found to dominate the cultivated fields becoming 
a noxious weed and eradication of this is a great problem. This 
grass, tiiough of great pasture value in hills, is not suited for 
growing near cultivable area since it becomes a weed. It may 
be grown with advantage in sloping forest lands which are 
subjected to erosion. 

Sorghum sudanense, Staff. (Sudan grass ). — ^This grass was 
noted as promising at Hagari and at Central Farm, Coimbatore. 
In tile July sown plot the October cutting weighed 9,100 lb. per 
acre. Subsequently this fodder grass of America was found to 
have no future in Madras State. 

MeUnis minutiflora, Beauv (Etwatkaia grass ). — Introduced 
from Bhodesia in 1922, it grew <ai the Central Farm for five years 
and gave, under irrigation, an yield of 17,000 lb. per acre per 
annum. But the grass is reported to be foul smelling in certain 
stages mid is rejected by cattle on occasions. As Guinea and 
Napier grasses were proved to be definitely superior, the cultiva- 
tion oi this was discontinued. In Jamaica it was claimed that 
the grass has repeUing properties and hence suited for anti- 
mosquito purposes. It was even termed the ‘ snake fighting 
grass ’. A series of trials conducted by the Botany Section to 
find out whether this species can be used for such purposes showed 
that the grass has not got any of the virtues attributed to it. 

Eragrostis abyssinica, Shrod (Abyssinian Teft grass ). — ^This 
native of Transvall, was tried in Central Farm. This was 
relished by cattle but could not stand cutting or grazing. Hence 
it was given up. 

Pennisetum polystachyon Sch. (Thin or dry Napier ). — 
This grass was introduced at Coimbatore from Mysore and has 
been tried for rainfed areas. Under rainfed conditions at Cuim- 
batore, it has repeatedly failed but its introduction in West 
Coast Agricultural Research Stations has been so successful that 
it has become more or lees naturalized to that region. Under 
inigation at Tirurkuppam it gave a good yield of fodder, greatly 
relished by animals. 

Imdiobmovb gbassbb. 

. CaUchfu/s eiUaris, U. (White FoZokottoi).-— This ’s a very 
popular grass of Coimbatore district and is the staple feed for the 
Xaagayam breed of oattie. This is a fairly drought resistant 

404 
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grass possessmg -powor of regeneration immediately aftw aains. 
The grass is well relished by eattla and is naturally establishedf 
round aboui Coimbatore. At Mosur it was tried in 19219 a^i%ai8 
leas drought resistant than the Spear grass (Hetiropofom «on*i 
tiwtus) Beauv. In Guntur it did not come np well. In the only 
trial in Satnalkota it was successful. At Ghintaiadsri 'also it me» 
^uite good though late in establishing. From 1926 it was grown 
in Central Farm' with great success. The ’grass cam. he gravn- 
both under ^ and irrigated conditions. Thu is- one Of the. ijpi. 
glasses whh& responds to slightest rain. Under rainfed oondit 
tioiu it has yielded 40,000 lb. per acre in four cul^tingB. i Under 
irr^ated conditions it ‘has yielded 70^000 y}. to {80,000 lb per aove. 
This' it one’ of the best pasture passes and is very well t'uited tOji 
areas with about 26 inches rainfall and with soils rich in icaloiom. 

Cenchrus setigerus, Vahl (Karuppu Kolakattai). — This is 

another q>ecies of Cenchrus which is as good as the fd('mfir’''but 
with poorer distribution. It is- a slow grower compared to 

C. ciiaris and does not stand drought. The viability of '■the Sheds 
is also very poor. The grass is said to be relished better by 

animals and due to the low diffuse growth is best suited for 

pasture. 

Iseilema laxum. Hack {Ghengala gaddi). — ^Tbe most popular 
gr^ of Nellore area and is thh staple pasture grass for the Ongole 
breed of cattle. It is drought resistant and is much relished by 
animals. Chemical analysis also revealed it to have a high nutn^- 
tive value. For all these reasons, this grass deserves to be grown 
in large areas. 

IseHema anthephoroides Hack. — This Chengali (with fine 
foliage and flowers) is abundant in heavy moist regada clay bi](i 
though not very common all over the reserves in Nellore district, 
is suitable for grazing areas. At Coimbatore, however, this grass 
did not thrive well. 

Heteropogon contortus, Beauv. {Spear Grass). — This grass 
covers about 8(K) acres in the grass lands of Hosur giving an 
average yield of 1,100 lb. of hay per acre. After flowering the 
spear-like awns are a source of nuisance to animals. It is a good 
pasture grass, stands drought well and is best suited for hay 
purposes. 

Sekima nervosum, Stapf. {Nendra gaddi). — Tliis is one of the 
forest grasses which grows luxuriously above 2,000 feet. It grows 
in very large clumps producing probably the laigest number of 
tillers in any of the Indian grasses. The pass possesses very soft 
culms and leaves so that caitle prefer it to all other gt|uwc|p. 
The yield was 12,000 to 16,000 lb. per acre and it is suitable for 
making hay also. 

Eremopogon foveolatus, Stapf. — IMs is found in the reserves 
on soft regada clay and is considered to be suitable as a fodder 
grass. It requires fertile soil and is able to stand some amoapfe 



KBlfOIBS OF THE DEPARTMENT OF AOmCDI/TDRE, MADRAS 609 


of dronght. In Coimbatore it has yielded 12,000 lb. per acre in 
two cuttings under rainfed conditions. As a pasture grass this 
is of value since the grass forms good clumps with soft foliage 
and calms. 

Chloris boumei, Rang and Tad . — This is a well-known grass 
which thrives best in black-cotton soils and alkaline patches. 
Under dry conditions it has yielded 56,400 lb. per acre in Coim- 
batore m three to four cuttings. The grass is relished by cattle 
before flowering. 

Chloru barbata, 8W.— This comes up in all soils and is 
specially suited for alkaline areas. Often a ^weed in cultivated 
field, cattle relish the grass before flowering.* 

Vhionachne semiteres, Fischer. — Under rainfed conditions this 
grass has yielded 15,000 lb; in one acre in two duttihgs. • The leaves 
become coarse in later stages and hence have to be cut and fed 
when young. The grass does not set seeds freely and the few seeds 
that are set do not germinate readily- But it is easily propagated 
by slips. 

Chionachne Koenigii, Thw . — This yielded 15,000 lb. in Coimba- 
tore under rainfed conditions and does better under irrigated 
conditions. Cattle relish this grass better than the former. It has 
a preference to heavy soils and comes up in black cotton areas. 
If is cultivated by a few ryots in parts of Godavari delta and responds 
to good manuring. 

Amphilophis pertusa, Stapf. — This is a grass esteemed 
universally for pasture value. The flower when bruised gives a 
light pungent smell which distinguishes this plant easily from 
Eremopogon foveolatus, Stapf. It has a spreading habit and comes 
up in all dry areas. 

Dichanthium anntdatum, Stapf. — This is another species, suit- 
able for pastures and establishes well in red loamy soils with about 
&0 inches rainfall. It spreads on the ground and ascends genicu- 
lately. Besides being a good pasture grass, it stands cutting. It is 
much liked by cattle and said to increase the milk yield. 

Andropogoin pumilxts, Roa^b . — This is suited for heaw black-soil 
areas. Though it does not put forth much leafy growth, it is one of 
the few grasses that come up under that soil conditions. The gram 
when mature has a reddish colour and is easily identified by the 
forked inflorescence. Cattle eat the grass at all stages of its 
growth. 

The acre yield and composition of these grasses are given in 
Statements I and II, 
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CHAPTER 14. 


SPICES, CONDIMENTS AND PLANTATION CROPS. 

Tnrmerie* Cinnamon, Asatoetida, Cnrry leaf, Hint, Clove, 
VanUla, ChlUies, Pepper, Coriander, Cardamom, Nutmeg— Varietal, 
and enltural trii^ on these crops— Hiseellaneous studies. Plantation 
erops— Tea, Coffee, Rubber, Cryptostegia rubber. Cashew— Varieties, 
eul^tfon, products and processes. 

General . — Spices are very important in human diet. Added 
in limited quantities and in suitable combinatiouB to articles of food, 
they provide the necessary taste and flavour. Even comparitively 
coarse articles of food are made sufficiently tasty for consumption 
by the addition of suitable spices. Most of the spices are also con- 
sidered to help digestion on account of the carminative properties 
of their constituents and many of the common spices And a place 
in various medicines. 

In spite of the importance of spices in our daily diet and their 
medical and other uses, these crops producing the various spices 
have received only very little attention from the agricultural 
reseairch vrorkers in the country. The total area under the various 
spice and condiment crops in Madras State is about 690,000 acres. 
C^e spaces and condiments under commercial or large scale cultiva- 
tion in this country are chillies, turmeric, pepper, coriander, 
cardamom, tamarind and ginger. Other spices and condiments that 
are being grown on a very limited scale in this State are cinnamon, 
clove, nutmeg, vanilla, mustard and peppermint. 

The various spices can he classified into six groups according to 
the part of the plant from which the spice is obtained, viz., (i) 
rhizomes and root spices, (ii) bark spices, (iii) leaf spices, (iv) 
flpwer spices, (v) fruit spices, and (vi) seed spices. The work on 
the various spices is given below : — > 

GikCiHB {Zingiber officinale, Boscoe). 

Production and importance , — The normal area under commer- 
oiid cultivation of ginger in the State of Madras is about 11,350 
aOTes in Malabar, 760 acres in South Eanara and 40 acres in the 
Nilgiris with a total annual production of about 4,050 tons of dry 
ginger. The crop is also cultivated on a small scale for the vege- 
table market in almost all the districts and to an appreciable extent 
in the districts of Nellore and Cuddapah. 

The most important tracts in respect of ginger cultivation in 
Madras are the taluks of Emad, Walluvanad, Ponnani and Wynad 
in Malabar and Kasargode in South Kanara. In the talute of 
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Fonnaoi, Ernsd and Walluvanad this spice is one of the most 
importuit money crops. 

Ginger is not only sold in the Indian marked for home OQii> 
sumpition, but also figures considerably in our ex^rt trade to the 
tune of about 1,500 tons. It is in great demand in America, and 
therefore, it has an important place in our present dollar economy. 

Climate, soil and cultural 'practices . — Gmger has been found to 
grow well from almost sea level to an elevation of about 5,060 feet 
as in the Himalayan regions. In Madras, it is being successfully 
cultivated from almost sea-level m the coastal taluks of Ponnani, 
Ghirakkal, Kottayam and Eurumbranad, to an elevation of about 
6,000 feet above sea-level in the Nilgiris. However, it is found to 
come up best in regions or tracts with a plentiful amCunt of rainfall 
in the south-west monsoon, a fair amount of rainfall in the north- 
east monsoon and a comparatively dry period from December to 
May. 

Ginger is found to grow very well in the sandy loams of the 
taluk of Ponnani in Malabar, as well as in the fairly stiff clay loamy 
soil of Wynad, and even in the more heavy soils as found in the 
eastern and northern districts of Madras. However, the crop 
thrives best in friable loamy soil with a fair admixture of humus. 
Very gravelly soil is not considered suitable for the proper develop- 
ment of the rhizomes. Ginger grown in Ponnani taluk known 
as ‘ Chemad ’ ginger is more plumpy and less fibrous than 
the produce of other areas, and the higher price it fetches ia on 
account of this quality. 

While in Malabar, South Eanara and Nilgiris it is grown under 
purely rainfed conditions, in the other districts it is grown for the 
vegetable market, mainly as an irrigated crop in garden lands. As 
an intercrop in coconut plantations, it will be to the advantage of 
the coconut trees, on account of the deep diggings and heavy ap^di- 
cation of cattle manure and leaf, which benefit the coconut trees 
also. In Wynad, ginger is commonly cultivated as an intercrop in 
younger coffee and orange plantations and also in freshly cleared 
lands. Along with ginger, root crops, vegetables and pulse crops 
are also grown as intercrops. 'As ginger is not attacked by wud 
boar, root crops grown in between the beds of ginger are free from 
wild boar attack. 

Varietal introducUons and trials . — ^Three commercial types (ff 
ginger are known in the Calicut market namely, ‘ Emad ’, ' Char- 
nod * and Wynad ' but these cazmot be called distinct varieties. 

Gingor varieties. Blue Jamaica, Yellow Jamaica, Trinidad 
Canton and Bengal were introduced in the Agricultural Besearoh 
Station, Taliparamba, Malabar. Comparative yield trials of tiidse 
did not give conclusive results regarding the superiority of any of 
the varieties over the others, as Trinidad Canton gave signifieaniily 
higher yield in two seasons, Emad in two other seasons, and 
Bengal in one season. It was, however, concluded that 9mttd 
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Tsrieiy is as good as the varieties Trinidad Canton and Bengal in 
the matter of yield. 

No attempts have been made in this country at evolving new 
tjypes of ginger by selection, hybridization and other methods. 

jtffTOnotnic trialt ond eitperiments. — The seed rate generally 
adopted by growers is about 1,000 lb. to 1,250 lb. per acre. A 
trial at Taliparamba to determine the possibility of reducing the 
seed rate invested that lowering the seed rate diminished the yield. 
The yield per acre was about 5,000 lb. of fresh rhizomes or about 
1,000 lb. of dry ginger per acre at Taliparamba. 

Manurial trial . — A manurial trial on ginger conducted in Agn* 
cultural Besearch Station, Taliparamba, Malabar with five tons 
•nd tm tons cattle manure per acre alone and in combination with 
500 lb. and 1,000 lb. groundnuiH cake respectively did not give any 
confirmatory results.' 

Research on storage . — Experiments on the prevention of ‘ soft 
itot * of ginger in storage have been conducted at Taliparamba with 
different <^emicals. These trials showed that treating ginger 
rhizomes with 0*1 per cent mercuric chloride solution for about 
two hours before storage will greatly reduce the loss occurring in 
storage on account of ‘ soft rot ’. 

Future work . — Ginger is an important money crop in Malabar 
covering an area of about 12,000 acres. In order to conduct syste- 
matio and comprehensive research on its cultural and the manurial 
aspects, pests and diseases and methods of curing and preservation, 
a scheme has been sanctioned by the Indian Council of Agricultural 
Besearch and work has already been started at Pattambi, in 1950. 

TxnuiERic (Curcuma longa. X.). 

Production and importance .— average area under turmeric 
in the Madras State is about 40,000 acres with an annual produc- 
ikm of about 69,000 tons of dry turmeric. The most important 
districts are Guntur (8,800 acres), Eistna (3,700 acres), Malabar 
(7,600 acres), Cuddapah (5,700 acres) and Coimbatore (8,800 
acresj. 

Turmeric is a very important money crop in the districts of 
Guntur, Eistna, Cuddapah and Coimbatore and is exported to 
Bcunbay, Bengal and foreign countries chiefly Ceylon, United 
Kingdom and the United States of America. 

OUmate, soU and cultural practices . — In the Madras Stale, 
fonnerio is found to grow well in the humid tropical region of 
Malabar including tracts which are about 4,000 feet above mean 
ssadevel and also in the comparatively hotter and drier regions 
of Gie ^ains. 

' fn most districts the crop is grown generally as a pure crop 
UBkder oan^ or lift irrigation, but in Malabar it is grown as a rain- 
Ibd nifiier pure or as an intsrerop in coconut plantations. 
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In all the districts where turmeric is grown except MialilMr 
heavy manuring of the land prior to planting is nepessary. 

The following indicates the manure an acre would require in 
the districts of Guntur, Krishna and Cuddapah districts : — 

Chmtw and Krithna, Oudi apA 

day or tank silt 30 cartloads. SOcartkMda, 

Cattle penni^ SOO hoads. . . 

Sheep penning 2,000 beads. 8,000 heads. 

Cattle manure 60 cartloads. SO cartloads. 

In Guntur and Krishna districts, the mother rhizomes* or 
‘ bulbs ’ are invariably used for planting, cut longitudinally into 
two pieces, taking care to see that there is at least one sound 
‘ eye ’ on each piece. In Cuddapah, the ‘ fingers ' are generally 
used for planting without cutting, but the longer ‘ fingers * .are 
broken across into two and planted. In Malabar, both ‘ bulbs ' 
and ‘ fingers ’ are planted. The ‘ bulbs ’ are generally considered 
to be superior to ‘ fingers ’ as planting material. 

Varietal introductions and trials. — Different varieties of turmeric 
are not known, though differences in the appearance and quality 
of the i»oduce of the Circars, Cuddapah and Tamil districts and 
Malabar are very marked, ^^^ile the produce of Malabar is gene- 
rally shrivelled in appearance and has a less attractive colour, 
that grown in the other regions are plnmpy and have a more attrac- 
tive colour. In world trade, different varieties like ‘ China 
* Madras ’, ‘ Bengal ’ and ‘ Cochin ’ are known. The China 
turmeric is most esteemed in trade circles. Madras and Bengal 
are ‘the most common trade turmerics. The Cochin turmeric 
is not the true turmeric but is the produce of Curcuma aromatiea. 

Harvest and yield. — The numbers of fingers vary from fen to 
fprty in a plant and the average yield per acre ranges from 2,000 to 

6.000 lb. of cured turmeric. In Malabar, the yield seldom exceeds 

2.000 lb. of cured turmeric. 

The proportion of bulbs to fingers is about 29 per cent 
weight. The proportion of cured turmeric to fresh rhizomes is 
also about 25 per cent. 

Storage and marketing. — The fresh rhizomes have to be' oured 
by boiling and dried for marketing. Before the turmeric is 
exported, it is polished and coloured. The polishing is done in. 
ihe main marketing centres in factories and also by hand operated 
machines. The Kesearch Bn^neer, Coimbatore, had designed a 
hand operated polishing machine for turmeric and this is used 
extensively in the Coimbatore district. . 

Future. — A survey of turmeric cultivation in the distri^ ’Of 
Guntur, Krishna and Cuddapah with a view to suggesting fee lines 
of improving the cultivation of the crop was undertaken in 104B> 
As turmeric is an important money crop in the Circars, Cnddapah 
And Coimbatore, it appears necessa^ that more reseanoh work ,on 
the crop, patticularly on the agronomical and manorial 
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should be carried out to determine the optimum cultural and manu* 
rial practices necessary for high yield. The comparative merits 
of ‘ bulbs ’ and ‘ fingers ’ as planting material have to be investi- 
'gSfted, and trials conducted on the possibility of reducing the seed 
rate generally adopted in the different tracts. The varieties of 
turmeric ‘ China ’ and ‘ Bengal ’ should be imported for com- 
psorative . trials with the indigenous variety, so that, if the exotic 
varieties are superior, these varieties can be multiphed to replace 
the local varieties. 

Cinnamon (Cinnanionmm zeylanicum. Mees). 

Production and importance . — Cinnamon cultivation in India is 
about 160 years old. A plantation about 500 acres in extent was 
then started in Anjarakandy near Cannanore, Malabar and has 
been giving considerable profits. Very recently about ten acres 
were planted north of Cannanore, and a thousand plants near 
Tanur in Malabar. Although the indigenous cinnamon of the 
Western Ghats growing wild is the same as the cinnamon of 
Anjarakandy and Ceylon, the bark is far inferior. Ceylon pro- 
duces the major portion of the world’s supply, and the Ceylon 
quality is considered superior to the dinnamou produced in all other 
counties. 

As the culitivated cinnamon of Anjarakandy is reported to be 
as good as the Ceylon product, and the demand for good cinnamon 
in India is considerable, and is being met mostly by imports, 
there is a considerable need for cultivation of ciimamon in this 
country. There are large stretches of land, very similar to that 
where the Anjarakandy plantation is situated, available for deve- 
loping large-scale plantations in the Malabar coast and making 
India self-sufficient in this important spice. 

Climate, soil and cultural practices. — The climate of the tract* 
where cinnamon is cultivated in this State is very humid being 
only about nine miles from the coast, and almost at sea-level, 
with salt water in the river just below the plantation during 
summer. The soil is comparatively poor, lateritic, rather' open in 
texture and with a fair admixture of sand. The general opinion 
is that the best soil for cinnamon is a sandy, loose soil at a low 
elevation. Prolonged spells of dry weather is not considered 
suitable for its successful culture. 

Votrietal introduction and trial. — The variety that is grown at 
Anjarakandy is reported to have been obtained from Secheylles. 
In Ceylon diflferent varieties are known, the best being ‘ Pat ’ or 
' Ma~Pat Kurundu ’. 

At the Besearch Stations in Burliar and Taliparamba cinnamon 
is being grown mainly for seed material for distribution to the 
pubhc. 

Agronomic trials and experiments. — Cinnamon is propagated 
finttn i»ed in Ceybn and Malabar. Propagation is albo doni^ 
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by softwood cuttings or occasionally layering. Trials at Burliair 
showed that cuttings ware very succesrful. Seeds without th« 
fleshy pericarp but the seed c<:»t in tact, collected from the bw, 
of the cinnamon trees, gave almost cent per cent, germination 
at Taliparamba. The seeds, however, had not much chance for 
spoilage due to the fact that the fruits had ripened and shed only 
a few days prior to collecting and sowing. Trials at transplanting 
self-sown seedlings from underneath the old trees to nurseiy beds 
in July 1946 also proved very successful. 

Harvesting . — Under favourable conditions, the c i n n amo n 
seedlings attain a .height of about five to six feet within two or 
three years after transplanting, when the first cutting is made. 
In Anjarakandy the growth is slow and it takes about four years 
for the first cutting. The season for cutting depends upon the 
rains, and is generally done in May-June and again in October- 
November. 

The yield of the bark varies according to the climatic cmxditions 
as well as the age of the plants. It ^minishes to about 60 pec 
cent, after the first ten years. The average yield is about 
60-100 lb. of quill per acre. ^ 

The research work has been limited to some trials on the 
gation at Agricultural Besearch Station, Taliparamba and Fruit 
Besearch Station, Burliar. Large numbers of seedlings this 
spice have been raised at Taliparamba and Burliar and distributed 
to different parts of the State. 

Future work . — ^The cultivation of this valuable plant should be 
expanded on a plantation scale in places where it can be grown 
successfully and a good quality bark obtained as in Malabar. The 
demand is largely met by imports at present and there is scope 
to make the country self-sufficient in this spice. 

Asafobtida or Hino (Ferula alliacia and Ferula foetida). 

The plant from the roots of which asafoetida or Bing is obtain^ 
is not cultivated anywhere in India except in Kashmir. It is 
grown mainly in Iran, Afghanistan and the North-West Province 
of Pakistan. With a view to grow this plant in South India, 
seeds were obtained in 1934 from North-West IVontier Province 
and again in 1941 from Kashmir. Attempts to raise the seedlings 
were carried out at Kallar, Coonoor, Coimbatore, Nandyal a^ 
Hagari, but the seeds failed to germinate. It is doubtful if this 
plant will grow under the South Indian conditions, as it requicea 
very cold conditions foe its satisfactory growth. 

CtntBT Lbaf (Murraya Koenigii). 

The most commonly used leaf ^ioe in India is'the cuny leaf. 
It is used with various culinary preparations !Eo impart a ptnataat 
flavour. The tree or bush is found to grow very well in all pacta 
of this State, except in tibe higher elevations ][3,()00 fort alxmi 
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fnAftp sea level). The plant is propagated from seed. They cui 
be raised from root suckers also. The fully ripe seeds are sown 
and seedlings raised or self-sown seedlings which are common 
in compound with grown up trees, are carefully lifted and planted 
near a water chaimel or any other place where it will be moist 
even during dry season. It grows fairly well even without water- 
ing or irrigation. The plant responds to manuring, and within 
about three to four years will attain a sufficient size for collecting 
leaves. It is not advisable to pluck the leaves from young plants, 
as it retards the growth of the plant. Once the tree has grown 
to a height of about five to six feet, leaf will become available for 
collection at intervals of about three months in good situations. 
While collecting the leaf, it is not advisable to cut or break small 
branches. Only the leaves from the lower portions of the smaller 
branches should be removed. Otherwise, the young tree will 
have a premature death. The fresh leaves are marketed, as the 
dry leaf is useless. The leaves contain an essential oil which can 
be distilled. In India the leaf is considered to have carminative 
properties. 

Seedlings of this plant are being propagated in various Agri- 
cultural Besearch iStations and distributed to the public. 

Mint (Mentha virides) akd Fbppebmint (Mentha piperata). 

Mint is a commonly used spice in most Indian household for 
flavouring various culinary {n-eparations and in making chutneys 
with othw ingredients. 

Thwe are two varieties of mint, one the common mint 
(Mentha virides) which grows both in the higher elevations as well 
M in the plains, and the other, peppermint (Mentha piperata) 
which grows well only in the higher elevations. Both require a 
fiinble rich soil and irrigation during dry weather for their success- 
ful culture. The plants are propagated from cuttings or by 
dividing the clumps into slips with roots. In dry situations the 
plants will die out after flowering, if they are not watered during 
dry weather. But if the plants are watered, even if the shoots 
flower and die out, new shoots will develop from underground and 
the plant will continue to grow as a clump. The plant grows 
very vigorously and within about three months of planting will 
be ready for cutting. If the plants are kept watered, cuttings can 
be taken at intervals of about three months. Peppermint has 
been introduced at Government Botanical Gardens, Ootacamund 
and large numbers of plants have been multiplied and are being 
distributed. There is considerable scope for large-scale cultivation 
of the peppermint in this coimtry for extracting the oil for which 
thwe is a great demand and our requirements are at present met 
by imports from other countries. Tlie oil of peppermint is very 
vuuable as one of the most important source of menthol. The 
oil is obtained by distilling the leaves and the tender stems with 
iteam. 
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Clove (Eugenia caryophyUata). 

Pfoduction and importance . — In Madras StatCj clove is oiiltii* 
vated around CourtaUam in TirunelveU district and Burliar OQ .tho 
eastern slopes of the Nilgiris. In CourtaUam there are about IjfiPO 
trees and in Burliar about 600 trees and the average annu a l juoduo* 
tion can be estimated at 10,000 lb. of dried cloves. 

In India, clove is growing in some estates in Travancore. The 
main clove producing countries of the world are Zanzibar, Pemba, 
Moluccas, Sumatra, Malaya, Seychelles, Mauritius, Bourbon, 
Madagascar and West Indies. 

Clove is in popular demand in India for spicing foodstufEs. 
The production in India being small the requirements of th* 
country are mainly met by imports from Zanzibar. There is, 
however, considerable scope for extending the cultivation of this 
spice in various parts of Madras. In the lower elevations of the 
Western and Eastern Ghats and the West Coast some extension 
is possible. Want of irrigation facilities, however, may prove a 
limiting factor for its large-scale extension in these tracts. 

Climate, soil and cultural practices . — Clove is found to grow 
in India in a humid, tropical climate from almost sea-level to an 
elevation of about 3,000 feet and. with an annual rainfall of about 
60 to 120 inches,, and from a distance of few miles to about 100 
miles from the sea. According to Eedgrove “ if clove is grown 
in too moist a climate, it will not flower. Dry periods alternately 
with moist ones, as in Zanzibar and Pemba, are essential ”. 

In India, where this spice is grown the soil is clayey mixed 
with gravel and a fair quantity of humus. Bidley is of the opinion 
that sandy soil is unsuitable and that waterlogged soil is still 
worse. In India, the plant thrives only if it is periodically 
irrigated during the drought season, at least till the plants are some 
years old. 

In Zanzibar the seedlings are retained in the nursery beds for 
about a year when they are lifted and transplanted in the field. 
In Sumatra seedlings of about four feet in height only are trans- 
planted. In Amboyna self-sown seedlings are planted, as it is 
believed that such seedlings produce more fruitful trees than 
nursery raised ones. The experience in |dadras is that seedlings 
which are only about nine to twelve inches in height and not 
established in seedling baskets or pots, suffer considerable 
when transplanted to the field, in spite of careful attention* 
Therefore to avoid failures in the field, seedlings which are about 
18 to 24 inches in height and which have started branching and 
which have been previously established in baskets or pots are to be 
transplanted. 

El^e planting is done during the monsoon seasom and fte 
spacing is 25 to 30 feet. Later, if sufficient rains are reeeivdd 
no watwing or irrigation is given ; otherwise it is eithse pet 
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WAtered or irrigated regularly during dry weather according to the 
available. In Zanzibsu: the seedlings are watered till 
they have established and started growing. In Courtallam and 
Borliar irrigating the young plants and grown up trees is common, 
bat some of the old trees are found to be growing well without 
any irrigation. 

Mulching the young as well as the old trees with leaves or 
grass, particularly during the summer months is beneficial. This 
is a common practice in Zanzibar. In Burliar Fruit Besearch 
Station also this practice has been found to be beneficial. 

In India irrigation durmg dry weather appears to be necessary, 
at least in the early stages for its successful culture. 

Varietal introduction and trials . — There is only one variety 
cultivated in India. The area under the crop should be increased 
by inducing cultivators to grow it in localities where it has already 
been found to grow well, and in other localities which are found 
suitable hereafter. 

Agronomic trials and experiments . — Some preliminary investi- 
gations on propagation methods have been carried out since 1939-40 
at the Fruit Besearch Station, Burliar. A trial on the sowing 
of the seeds by different methods, namely, with and without the 
pulpy seed coat and with the radicle upwards and downwards 
indicated that there is no difference in germination between sowing 
naked seeds and seeds with the seed coat, and that the seeds 
should be sown with the radicle pointing downwards for better 
germination. 

Various trials on propagating clove by cutting, layering and 
grafting were carried out at Fruit Besearch Staticm, Burliar and 
these trials failed to give any positive results. 

With a view to find out the suitability of this spice to different 
tracts, clove seedlings were planted in different stations in Madras. 
But the plant failed to establish in any of these stations. 

Harvesting and yield . — The free has been found to yield within 
eight to ten years from seed at Burliar, in Zanzibar in four to six 
years and in the Moluccas in six to eight years. The spice is the 
unopened flower bud produced on the terminal shoots of the twigs, 
^e buds are collected when they are dull red in colour. It is 
necessary to pick the buds before they open out, as otherwise the 
value of the spice is lost. The buds are collected as they become 
. ready and not all in one stage. 

In Burliar, the crop is generally ready for harvest from PdJruary 
to May. In Courtallam the usual harvest season is about June. 
In Burliar in some years two crops have been obtained, one ^ in 
Fdiruary and another in September. In Zanzibar, the crop is 
s^erally ready for harvest from August to December, and in 
Malaya from November to January. In Moluccas two crops are 
ebtained one in July and the other in December. 

A.M.— 80 
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The yield has been found to vary considerably from year to year* 
Some trees do not bear at all for one or two years in Burliar as well 
as in Courtallam. The average yield at Burliar was about 6 lb. of 
dry clove per year per tree, though one tree might record as much 
as 20 U). in certain years. The average aimual yeild in jS anaib ar for 
fully bearing trees is reported to be about 100 lb., in Amboyana, 
5 lb., in Sumatra, 6 to 7 lb., in Malaya, 5 lb. and in Moluccas* 4^ lb. 
In Courtallam and Burliar areas, trees over 75 years of age ue 
found to give satisfactory crops, thoi^h some of the branches have 
started d^ing. 

Part played by research centres or stations for improving the 
crop. — The only Eesearch Station in this State where dove is 
being grown is at Bmhar. In addition to carrying out certain in- 
vestigations on propagation methods on clove % cutting, layering 
and grafting and budding, this station has been raising large 
numbers of clove seedlings for the past nearly 75 years and distri- 
buting to different parts of India. Various research stations in the 
State have been trying to grow this spice to find out its suitability 
for cultivation in the different tracts. 

Future work. — ^Further experiments on vegetative propagation 
of the spice have to be carried out so that a shorter statured and 
quicker yielding plant can be made available. Large numbers of 
wdl grown seedUngs should be distributed in areas where this spice 
will grow. 


VANiiiLA {Vanilla planifolia). 

In Madras, Vanilla is found to grow very well in Wynad and 
fairly satisfactorily in Burliar on the eastern slopes of the Nilgiris* 
In Burliar there are only a few vines growing but in Wynad, ^ere 
is a plantation nearly one acre in extent owned by a firm. It is 
reported that vanilla is growing very well in Coorg and in the hilly 
tracts of Travancore in some of the coffee and tea plantations. 

Large quantities of Vanilla pods, vanilla essence and synthetic 
vanillin us^ to be imported into India. Recent import restrictions 
of the G-overnment of India have considerably restricted the import 
of these articles and there is some scarcity for these particular^ 
for Vanilla pods. There are large areas suitable for its cultivaticm 
in Madras and other parts of In^a and therefore there is scope for 
extending the cultivation of this spice on a large scale so that the 
import of the pods particularly can be completely stopped. 

The countries where Vanilla is being grown on an extensive scale 
are Mexico, Tahiti, Madagascar, Secheylles, Reunion 
Mauritius. 

In India, vanilla requires a humid, tropical climate with ah 
elevation of about 2,000 to 4,000 feet above* mean sea-level and att 
annual rainfall of about 100 inches. It comes up very well in 
Wynad in clayey bam rich in humus with good di^ainage. Ih 
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Q tfhA*- countries light soil with plenty of humus and very good 
drainage are considered essential for its satisfactory growth. 

Vanilla requires medium shade for its satisfactory growth add 
as it is a climber it requires some low branching tree as a standard. 
In Wynad, it is being grown under the shade of silver oak and 
allowed to climb on a small tree known as ‘ Arali ’. It is also 
being trained to Anatto, Bauhinia, etc! Cashewnut is reported to 
he an excellent standard for this vine, as it is low branching and 
gives shade to the vine in addition to adding a large amount o{ 
humus and mulch near the vine. 

In Wynad, a site where there is light to medium natural shade 
and ricb soil with plenty of humus, is selected and the standard 
for Vanilla to climb upon established at a distance of about six 
'ieet. Propagation is from cuttings. 

The vines start flowering three years after planting. The 
flowers have to be artificially fertilised to set fruit. This is done 
by taking the pollen from one flower and putting on the stigma 
of another. The fruits take about ten to twelve months to mature 
in Wynad. 

The fruits are collected when the tip starts yellowing. The 
fruits grown in Wynad are about eight to nine inches in length 
and each vine is found to produce about 100 pods. 

The pods are cured and it takes about two weeks for the curing 
to be completed. Only when the pods are cured, they develop 
the flavour. 

Plants of vanilla are being propagated at the Fruit Besearch 
Station, Burhar, and distributed to the public. 

Chillies (Capsicum annum). 

Production aYid importance . — Chilhes was introduced into 
India by the Portuguese about the seventeenth century and has 
become so accUmatised to Indian conditions that it has come to be 
thought of as indigenous to the country. As a condiment, it has 
become indispensable in every Indian home. Madras had the 
largest area in India with 336,000 acres in 1948-49 and a produc- 
tion of 143,700 tons. Guntur accounted for the largest area 
(76,900 acres) and next Kurnool (35,740 acres), while the districts 
•of Bamanathapuram and Tirunelveli were also' important. The 
prop figures both in the import and export trade of Madras. 

Climate and soil . — The crop is grown rainfed in Guntur and 
Circars, and as an irrigated crop in the southern districts. It is 
highly susceptible to crop failures and attack by thrips, A 
dd;^oration in the crop was noted from 1926 onwards due to 
thrips (scortothrips dorsatus) attack, consequent on the large 
extension of the groundnut crop which brought the pest. The 
efforts of the department have, therefore, been largely devoted to 
oonttol against this pest and introduction of varieties resistant 
thereto. 
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Varietal trials . — ^There are several trade types as the orange 
type, the thin long fruit, the medium type, and the short oonu^ 
type. Control measures against thrips showed that tobacco dust 
applied three or four times minimised the damage, but a radical 
control measure was not possible on account of the capacity of the 
thrips to multiply rapidly through alternate hosts especially ground- 
nut^ throughout the year. The results suggested the necessity of 
bree^ng thrip-resistant varieties. This work was started in !khe 
Guntur Agricultural Station from the year 1931. 

Investigation showed that the insect has a short life cycle of 
about a fortnight, which facilitated rapid multiplication in the 
dry period of transplantation, the damage being most severe in 
January. Oiidinary studies on the botany of the crop showed that 
flowers are both self and cross pollinated, the extent of naton^ 
crossing being 7 per cent. The pollen loses viability and the 
stigma becomes non-receptive in 24 hours. Comparative liadias 
of varieties from Madras and Northern India showed that the 
latter were more resistant to thrips under Guntur conditions. A 
number of ecotypes were therefore selected from a pusa type 
(Pusa 46) and the best of them was 398, subsequently named G-1. 
This gave an increased yield of 30 per cent, over local Guntur type, 
but proved to be at best tolerant but not resistant to thrips attadc. 
G-1 was first distributed in 1937-38 and has spread over 70 per 
cent, of the area in Guntur district. A later selection, 1402 giving 
about 40 per cent, increased yield over G-1 is now under mult^* 
cation. 

Hybridization. — A. State-wide survey of chillies in Madras 
Was also undertaken. It was found that varieties with hairs on 
leaves and stalk were slow in succumbing to thrips attack. 
Attempts on crossing chillies to improve colour *and pungency in 
G-1 did not give any improvement. The breeding work was 
intensified in 1949-50 under a joint scheme financed by the Indian 
Council of Agricultural Besearch and the Madras Government. 
Besults showed that selections from Kendrapura Sahara, Bala- 
$ore (Orissa) and from Ceylon (No. 2150) gave 49 to 60 per cent 
more yield than G-1 due to greater prolixity and capacity to ward 
off thrips attack to a'late stage. 

A simple technique for emasculating chillies has been perfected' 
at the Guntur Agricultural Besearch Station, disposing of the 
need for elaborate apparatus. This takes advantage of the epipe- 
tallous condition and staminal attachment. 

Agronomic esaperiment . — Experiments showed that a spacing 
of six to eight inches between holes and planting singles in linst 
22 inches apart gave an increased jdeld of 40 to 45 per cent over 
the method of bunch planting with 22 inches spacing both wa^ 
Close eqMtcing enabled the crop to mature earlier, well in advatKM 
of January, the period of maximum damage from thrips. 
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Work of the research stations and the future . — ^The main 
difficulty with the chillie crop is its frequent failure due to thrips 
attack. Work by the Government Entomologist has shown that 
can be reduced by tobacco dusting, but for eradicating the 
damage, evolution of pest-resistant types better than G-1 is 
neoessary. If the damage due to thrips can be got over, the 
importance of the crop in internal and export trade will be consi- 
derably increased. 


Pbppeb (Piper nigrum, L). 

Production and importance . — Pepper occupies an area of about 
103,700 acres in Madras and the average annual production was 
about 9,700 tons. Almost the entire area in this State is in the 
districts of Malabar and South Eanara, and Malabar accounts fur 
oyvst 90 per cent of the total. 

India had held a prominent place in the world pepper market 
from very early times till the beginning of the 19th century, when 
keen competition from Malaya and ^Ast Indies (Indonesia > 
started, and India slowly lost her place as the world’s main pepper 
supplier. While production in the South-east Asian and other 
countries increased mainly due to efficient plantation practices 
and organization, the production and export in India slowly came 
down as years passed. During the years of slump from 1930 to 
1939 when the pepper price went down most of the plantations 
were almost completely neglected, and even the little attention 
given to the crop was almost stopped. However, the general 
increase in commodity prices during World War II and subse- 
quently, and particularly the ravages caused to pepper plantations 
in the South-east Asian countries which were the world's main 
suppliers before World War 11, the status of the pepper industry 
in our country revived greatly from about 1944. Prices started 
ruing slowly from 1940 onwards, and in 1948-49 stood at Es. 6 
per lb. exceeding the peak price ever obtained before, namely, a 
rupee a lb. in 1927. On account of this greatly increased price, 
in spite of the devaluation of the nipee, India* has' been earning a 
eonsidersble amount of dollar exchange from export to the United 
States of America. Therefore, pepper has a very important place 
in our country’s dollar economy. 

Climate, soil and cultural practices.— Pepper is a plant of the 
humid tropics requiring high humidity, warmth and an annual 
rainfall of about 100 inches or more for successful culture. On 
the west coast of India it is found to grow and crop well from 
almost sea level to an elevation of about 4,000 feet on the western 
ak^wa of the western ghats from Gape Comorin to the northern 
borders of North Eanara. 

The soil best suited for pepper is a rich friable loam with a 
higd» humus eofbtent and good drainage, but if thrives well even in 
ownparativety poor soils with a considerable admixture gravel 
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and a comparatiyeiy low homos content, as in the coastal areM 
Chirakkal and EoMayam taloks of Malabar district, {ffovtdod 
there is proper attention and good drainage. On the West C!o^t, 
cultivation on a very extensive scale is restricted to the interi(Br» 
on and just below the Western Ghats. Land previoosly cultiva- 
ted for a number of years to different seasonal crops is almost 
never utilized for opening plantations in this region. 

In India, pepper is invariably grown only to live tree sifandards. 
The standard most preferred for starting new plantations is Ery- 
‘ thrina indica (MuUu Murikku or Kalyana Murikhu). The other 
standards generally used are Garugd pinnata . (Karayam) and 
Spondias mangifera (Ambazam) the stems of which strike root 
easily. 

Pepper is generally propagated from cuttings. It can however 
be raised from seed also. In Malabar and iSouth Kanara it is 
considered best to take cuttings from the long shopts which 
develop from the base of the old vines, as these possess small roots 
and therefore establish quickly when inserted in the ground. If 
sufficient cuttings from the basal shoots are not available, next 
preference is given to the long shoots hanging down from the top 
of the vine. These shoots, as they seldom have small roots 
developed at their nodes, do not establish so well as the cuttings 
from the basal shoots. Cuttings from the short branches on the 
vine are never used for planting or raising nursery in India or any- 
where else, as they seldom develop shoots which grow up the tree as 
climbers and their powers of producing new roots and shoots are 
very limited. No experimental evidence on this point is available 
in our country. 

On the West Coast, unrooted cuttings are generally planted. 
But planting laywed or rooted cuttings has become commoi* 
during recent years by the more enlightened growers, in spite of 
the extra cost involved. In Sirsi, in North Eanara, root^ cut- 
tings are prefeirj^ to. unrooted cuttings. In Ceylon and other 
/countries rooted and unrooted cuttings are planted. No experi- 
mental data on the superiority of rooted cuttings over unrooted 
cuttings for planting are available. However, from experience, 
the layered or rooted cuttings are found to establish With considw- 
ably less casualties and have a much better start than unrooted 
cuttings. Another advantage of layered or rooted cuttings is ihal 
they can be planted even slighUy later in the season than unrooted 
cuttings, which is risky with the later, particularly if the nprtb« 
east monsoon fails. 

Fepp^ is planted invariably on the eastern side and sometimM 
on the north-eastern side of the standard, so that the tfunk ol t]i4 
standard will give protection to the . base of the vine from'iSie 
scorching effect of the afternoon sun during summer, and it 'ib 
nevN* planted on any other side of the standard by Mrefld 
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^wers. . Cuttings are planted in the period from the last week 
o£.Jaue to the end of the first week of July when incessant 
dlrowecs are received. Generally, the vines are allowed to climb 
up the standards to a height of about twenty feet. But when 
to the trees like mango or jack, it is common to allow these 
td grow up to about 26 or 30 feet even. No manuring is ever 
practised bn the West Coast, except in North Eanara where the 
vines trained to arecanut get the benefit of the manure applied to 
^e latter. In Malaya, Java and other countries heavy appUcation 
of cattle manure, compost, ash, burnt earth and fish manure is 
systematically practised once or even twice every year, but no 
chemical manures are applied. The higher pepper yield in these 
countries over India may be due to the fact that the vines are 
heavily manured and properly looked after in those countries, in 
addition to their better climatic conditions. 

Pepper starts bearing a small crop in the third year of planting, 
but it is only from the fourth year, by which time the vines would 
have branched well and almost completely covered the major portion 
of the trunk of the standard that a sizeable crop is obtained. The 
vines come into full bearing from about the seventh year and con- 
tinue to give satisfactory crop for about another ten years. 

Varietal introductions and trials. — In Malabar, four varieties 
are generally cultivated. These are Balanikotta, Kalluvalli^ Cheru- 
kodi and Uthirankotta. Accurate descriptions of these varieties have 
not been recorded. The difference between these four varieties is 
very marked in the matter of the length of the ‘ spike ’, the 
size of the individual berries, the compactness of packing of the 
berries on the ‘ spike ', the density of the berries and the per- 
centage of abortive berries (very small sized, under-developed 
berries). The difference between the foliage, length of intemodes, 
etc., of different varieties is not so marked, vsrying as it does be- 
tween vines of the same variety according to the vigour of the 
individual vines. There is also fairly marked variation in the flower- 
ing and tnaturing period of the different varfeties. Uthirankotta 
flowers and matures the crop very much earlier than the others. 
KaUuvalli and Cherukodi are mid-season varieties, while Balanikotta 
matures the crop last. The spikes of Balanikotta are the longest and 
that of Cherukodi the shortest, that of KaUuvalli slightly shorter 
$han that of Balanikotta and that of Uthirankotta very slightly 
smaller than that of KaUuvalli. The spikes of Cherukodi are very 
dlosely packed with berries, and that of KaUuvalli closely packed 
wj& dight gape in-between clusters of berries. Bdamkottoi is noli 
so closely packed as the two mentioned above, but the berries are 
eveidy placed throughout the entire length of the spike. In 
UOUrankotta, the berries are very few and the greater portion of 
the spike is devoid of berries. In addition, these few berries start 
dro{^ung off even before they start ripening. The size of the 
Ijweies i& biggest in Uthirankotta and Balamkotta and smallest in 
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Chemkodi. Borne difference in the size of bernes of the wnM i 
Ferieties grown in different tracts has been noticed. The berries 
o| Baiamkotta grown in Wynad are markedly larger than that of 
the same variety grown in the other regions of Malabtur. A, 
difference in the amount of abortive berries (small sized, onder- 
developed berries) on the ‘ spikes ’ is also found between varieties. 
In the more recent plantations of Malabar, only Baiamkotta and 
KaUiwaUi are generally planted and Uthirankotta is rigoronidy 
excluded on account of its poor yield. In the lower elevations at 
Malabar, Kalluvallt is favoured. But in Wynad, the variety most 
favoured is Bolamkota on account of the fact that the spikes 
mature late in February-March after the coffee harvest is over. 

Some wild forms of pepper are found in the hilly regions of tiie 
Western Ghats. The berries of these are small sized and they are 
only very slightly pungent though they have a flavour of pepper. 
These have no economic value at present. Being a very hardy 
type, it is possible that the wild varieties may serve as rootstock 
for grafting pepper and also for evolving new useful types by 
hybridization. 

Experimental work on evolving new types by hybridization 
has not been attempted so far in this country. Becently varie- 
ties from Travancore, Wynaad and the plains have been planted af 
the Agricultural Besearch Station, Taliparamba, for preliminary 
comparative trials on yield and resistance or susceptibility to 
* Hollow Berry ’ (foUu) disease. The data recorded so far have 
shown that the Travancore varieties, Chornaia, Kottanadan, 
fdunda, Tulakodi, Mundi and Karuvalli are superior to the local 
varieties including those obtained from Coorg and Wynad in the 
matter of vigour and yield, though these have nol been found to 
be any better than the local varieties in the matter of ' poBu * 
susceptibility. 

A scheme financed partly by the Indian Council of Agricul- 
tural Besearch and^artly by the State Government for research 
on pepper for improving the industry in all its aspects has recently 
been sanctioixed and the work in the scheme is being initiated. 

Agronomie trials and experiments . — ^No elaborate and large- 
scale experiments on the agronomic aspect of pepper cultivation 
have been carried out so far. But a small-scale trial to determine 
the besf among the most commonly used three tree standards was 
started at the Agricultural Besearch Station, Taliparamba, in 19IS 
and is in progress. Some elaborate spraying tnals on * poBtt * 
disease control was carried out in 1926 and some preliminary trials 
on manuring of pepper was carried out from 1928-1940'. AU tikepe 
&ials were at the Agricultural Besearch Station, Taliparamba. 

Trial of different standards . — ^A small-scale trial to determlna 
^ most suitable standard for growing pepper was started In 190 
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with three kin'ds of standards, namely, Eryihrina indica, Garugot 
pinnata and Spondias mangifera. The data recorded so far have 
definitely shown that Erythrina indica is far superior to both 
Oaruga pinnata and Spondias mangifera. While 98 per cent, of 
.the Erythrina standards planted established only 65 per cent, of 
Spondias and 54 per 'cent, of Garuga standards have done so, 
Further, 90 per cent, of the pepper cuttings planted to Erythrina 
has established, as compared to only 65 per cent, of those planted 
to Spondias and Garuga respectively. Not only have the vines 
grown to Erythrina made very much better growth than those 
planted to Garuga and Spondias, but they have also recorded 
appreciably higher yields. 

Mttivuriai trials . — ^The effect of application of lime at } lb. per 
vine in alternate years to pepper vines and also the effect of 
application of combinations of different chemical manures to both 
the limed and unlimed vines was tested from 1928 to 1940. 
Though the data recorded showed that the limed vines gave higher 
yield than the unlimed vines and that nitrogenous and phosphatic 
manures increased the yield of the vines, further trials are 
necessary. 

Harvesting and yield . — Pepper commences producing spikes 
generaly in June on the West Coast after some heavy showers 
are received. If heavy rains are received in April or May after a 
long spell of dry weather, it. will induce the vines to come into 
flush and spike soon afterwards, and this will affect the yield 
adversely. Large-scale flushing and spike formation on the entire 
vine within a few days in June-July and rains at the time when 
fhe flowers have stained opening and till the fruits have set, are 
believed to be favourable conditions for good yields. Uthirankotta 
will start flushing with a considerably lesser amount of rainfall 
received than that required for the variety Bilamkotta. In the 
south-east Asian countries and C^don the vines flush and flower 
twice a year. This habit of two crops of blossom is not a varietal 
character but is dependent on seasonal factors. Tn Wynad, the 
flushing is slightly later than in the other parts of Malabar. 
Pepper produces ‘ spikes ’ on the new shoots from the lateral 
branches of the previous year. 

The pepper is ready for harvest- on the West Coast from 
Deoember and the harvest continues till about February. At' 
hightt elevations in Wynad, the harvest begins from about the 
end of January and continues till the beginning of April. In 
Kor^ Eanara the harvest begins in March (Sahasrahudde). 

The yield of pepper is very variable on the West Coast as it is 
mainly dependent on the varieties grown, seasonal fetors and the 
incidence or absence of pests and diseases. The yield figures at 
Taliparamaba Agricultural Besearch Station for some years will 
giro E deer idee of such vErietions in yield, 
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Obviously inter-cultivation has been very useful. In regular 
plantations in the hilly tracts the yield generally varies from a' 
few pounds per acre in certain years to about 1,200 lb. of dried 
pepper rarely. The average annual yield per acre, however, can- 
be estimated at about 200 lb. of cured pepper per acre. 

The average yield per year is reported to be 2,400 lb. per acre 
in Malaya, 2,240 lb. in Ceylon, 1,200 lb. in Sumatra and 1,800 
lb. in Cambodia. From the foregoing, it will be foimd. that tiie 
yield is the lowest in India compared to all the other more impor-. 
tant pepper growing countries in the world. 

On the West Coast the vines generally will be in good vigour 
till about the fifteenth year when most vines start declining. But 
some vines continuing to grow vigorously for about 40 to 60 years 
and giving very heavy crops is not uncommon. In most plamta- 
tions no inter-culture or attention is given after about twenty years. 
Tn Wynad.the vines, if not affected by * Pepperwilt ' continue to 
bear heavy crops for nearly thirty years. 

The part played by research centres and research stations in 
improving the crop. — ^The main research work carried out in this 
State on this crop so far was at the Agricultural Besearch Station, 
Taliparamba, Malabar. The early investigations on the control of 
the ‘ Hollow Berry ’ disease were carried out at Taliparamba from 
1926 by the staff of the Government Mycologist and the Govetn* 
ment Entomologist. The result of these trials have already been 
mentioned in the paragraph on pests and diseasesi 
, Some preliminary agronomic and manorial investigations for 
improving pepper cultivation have been carried out and are also in 
progress at the Agricultural Eesearch Station, Taliparamba, and] 
the results achieved have already been mentioned. Bealisdng the 
importance of improving this crop, a pepper specialist, to deal 
exclusively with this crop, has recently been appointed, and i 
scheme, prepared by the Government Mycologist, for research' 6il 
pepper with special reference to the control of the two importilil 
diseases, partly financed by the Indian Council of Agiicultordt 
Research and partly by the State Government has been sanctiossd. 

As has been done in other major cropsj like rice, cotton, 
the evolution of new strains and the study of agronomic praotioai 
to improve quality and quantity vdll be the main features of 
of the Pepper Specialist in the future, , , V. 
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CoBiAin>E!R (Coriandrum sativum). 

Production and importance . — The area under coriander in 
Madras is about 11.0,000 acres. It is grown on an extensive scale 
in the districts of Tiruchirappalli, Tirunelveli, Bellary, Ananta- 
pur and Guntur, and on a fairly large scale in all districts of this 
State, except Yisakhapatnam, Tanjore, Malabar, South £anara and 
the Nilgiris. 

Corander is an important condiment in Indian culinary prepara- 
tions. *It gives a fairly good return to the cultivator. Though 
^e'ci^p is grown mainly for home consumption, there is a sub- 
stantial export also of this condiment from India, particularly from 
Tuticorin in Malaya and Ceylon. 

Climate, soil and cultural practices . — In Madras, coriander 
thrives best in the hot and dry regions like the Bayalaseema and 
the Circars and the central and southern districts. The crop, 
however, grows even under cold condition also, as seen from the 
fact that it is growing in European and North African countries 
also. In this State, it is generally cultivated rainfed in -the black 
cotton soil and rarely as an irrigated crop, either as a pure or a 
mixed crop. 

Varietal introductions and trials . — Different varieties of 
coriander are not known in India. The Indian variety is reported 
to be more elongated in shape than the European types, which 
are spherical- The Eussian variety is smaller in size than the 
produce of Morocco and India, but there is no difference in the 
quality, (essential oil content) and size of fmits between the Indian 
and the Moroccan produce, though the latte» has a more attractive 
colour. The Russian variety is superior to both the Moroccan 
and the Indian varieties as its essential oil content is almost 
doable. Experiments carried out by the Government Agricultural 
Chemist at Coimbatore have revealed that the essential oil content 
uid the other soluble constituents of coriander vary inversely to 
the size of the seed. 

Some selection work on coriander to select high yielding types 
was carried out at the Agricultural Research Station, Eoilpatti, 
and a selected type superior to the bulk is under comparative trial 
in the districts. 

Agronomical trials and experiments . — Agronomical trials carried 
out ^ the Agricultural Research Station, Koilpatti, on raising 
coriander as a mixture with cotton from October to February 
indicated that coriander can be grown at a low seed rate mixed with 
cotton advantageously, without affecting the yield of the latter. 
Annthftr series of triiais on the effect of raising a mixed crop of 
doriaader vrith cotton on the succeeding crop of Bajra indicated 
Itot the 'yield of Bajra following the mixed, crop is reduced and 
tiie yield of Bajra following a pure crop of coriander is more 
than that following a mixed crop. 
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Harvesting and yield. — The crops sown in October come for 
harvest by the middle of February. The bunches of fruits are 
cut and dried and the fruit separated from the stalk. The averafs 
yield is about 300 lb. per acre. 

Preparation for the market. — There were severe complaintB in 
1938-^4 that the Indian product was unclean and inferior to the 
Bussian and Moroccan coriander available in Ceylon market. A 
detailed examination of the samples of Indian, Burmese, Bussian 
and Moroccan coriander obtained from Ceylon market and a sample 
of coriander from Coimbatore' market was, therefore, oattied 
out by the Government Agricultural Chemist, Coimbatore, in 1984. 
The following extract from a communique issued by the Gkjvera* 
ment of India after examination of the samples by tbe Government 
Agricultmal Chemist will be of interest to the growers as well as 
export^s in India. 

The analytical data revealed that the poor quality of Indian 
coriander as compared to Morocco and Bussian samples was due 
to adulteration with dirt. In the words of the Government of 
India who issued a report on the analysis of 4he Government 
Agricultural Chemist — 

" The main results are of general interest as they |»‘ovide 
a striking example of Indian produce of intrinsically good quality 
losing ground by reason of adulteration of the clumsiest character. 

It is obvious that with even reasonable attention to cleanliness, 
Indian coriander can easily hold its own and it is important that 
steps to this end should be taken for India cannot afford to lose 
any of its markets for these minor agricultural products which in 
the aggregate mean so much to the cultivator and market 
gardener^” 

Part played by research centres and stations for improving the 
crop. — The Agricultural Besearch Station, Koilpatti, has carried 
out selection work for isolating superior types and succeeded in 
selecting a superior type. Agronomical trials indicated that it was 
profitable to grow it as a mixed crop with cotton. The Agricul- 
tural Chemist has carried out detailed* investigations on the quality 
of coriander of different origin. 

Future work. — ^Further work for selecting high yielding types 
with greater essential oil content so that the Indian product can 
compete with the Bussian product in foreign markets is neceesary. 

Cabdamom (Elettaria Cardamommn Maton). 

Production and importance. — The area under cardamom in <Ae 
Madras State was about 16,000 acres with an annual prodtickieB of 
aj^roximately 400 tops. The crop is cultivated in the disteicie ui| 
Madurai, Timnelveli, Bamanathapuram, Coimbatore, Sainty 
Malabar and the Nilgiris. 



ttSMOlBS OV tHfi! DfifAttTMfiNT 09 AOBlCULtXJRtS, HA0BA8 68S 


On account of its extensive use in the allopathic system of 
medicine and for extracting the essential oil it contains, cardamonr 
ia in great demand from foreign countries and is, therefore, largely 
axpcHTted from this country. 

CUmote, soil and cultural practices. — Cardomom requires eqpecial 
omiditions of climate and soil for successful culture. In Ma^as it 
tl^ves best at elevations ranging from 2,500 feet to 4,500 feet 
above mean sea-level, in evergreen forests with a well distributed 
annual rainfall of over 80 inches. A rainfall ranging from 100 
inches to 150 inches is considered optimum. As cardamom is a 
shade-loving plant, its successful culture is possible only in ever- 
green forests Vith heavy overhead shade throughout the year. A 
fine ridi loamy soil with a well-developed mulch and a thick layer 
of humus is the best for the. crop- The main limiting factor for 
its successful culture does not appear to be the mineral constituents 
of the soil, but the physical texture and the humus content. 

Cardamom is propagated both vegetatively and from seed. The 
former method consists of uprooting a cardamom clump and sepa- 
rating out the ‘ bulbs ’. Seed propagation is much more laborious 
than vegetative propagation. The cardamom seed does not remain 
viable for long. Hence, seed for sowing is collected only a few 
days prior to sowing. Germination starts four to six weeks after 
sowing and continues for about four months. When the seedUngs 
have grown to a height of about six to twelve inches, they are lift^ 
carefully from the seed beds and transplanted. The seedlings 
start yielding about three years after planting, while the ‘ bulbs ‘ 
start yielding about a year earher. The first crop is a lean one, 
the second is fair and the third is a full crop. 

Varietal introductions and trials and evolution of varieties . — 
Four prominent varieties of cardamom are met with in South India. 
These are ‘ Malabar ’, ‘ Mysore ’, ‘ Ceylon ’ and Munzerabad ’. 
Short descriptions of the above varieties and their important 
economic characters are given below ; — 

(1) ‘ Malabar ’ is the most common variety, widely culti- 
vated on the Travancore hills and south-western ghats. The plant 
is of medium size, neither so robust as the ‘ Mysore ’ nor as stunted 
as the ‘ Munzerabad with the under-surface of the leaves softly 
hairy and velvety and the leaf stem green or whitish at the base 
and the pods round or slightly elongate. The panicles are pros- 
trate or creeping and smaller than those of the ‘ Mysore ’ and the 
plants less i»roductive, though more drought resistant. H is more 
aoitable to lower elevations. 

(2) ‘ Mysore '. — The plants are more robust and vigorous 
than the * Malabar ’, the leaves larger and coarser with a darker 
green apearance, smooth on the under-surface and not soft and 
velvety. The panicles are longer than the ‘ Malabar ’ and erect 
aBwi more productive, and }he pods elongated. This variety is 
more suited to higher elevations and withstands exposure and 

better. 
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(3) ‘ Ceylon ’ . — The plant is more vigorous and robust thsn 
the ‘ Mysore The leafy stem has a pink tinge deeply mubed 

the base and traceable up to the tip. The leaves are smeo^ 
and the panicles are erect and the pods elongate and loosely 
arranged in the panicle. 

(4) ‘ Munzerabad ’. — The plants are more stunted than the 
' Malabar ’ but yield well. The panicles are prostrate and the 
pods round and arranged closely on them. 

Besides the above four varieties, the research staff of the 
department has isolated a large number of different types which 
are the natural hybrids of the different main varieties, and they 
have been multiplied for comparative study of yield, resistance or 
susceptibility to pests and diseases and other economic characters. 
The following are the types selected so far: — 

(1) Anainalai — erect. (8) Singampatti — Ceylon. 

(2) Anamalai — semi prostrate. (9) Mumserabad. 

(3) Anamalai prostrate. ^0) Moonar — flezuous. 

(4) Pattiveeranpatti. (11) Moonar — erect. 

(5) Bodinayakanur, III. (12) Moonar — creeping. 

(6) Bodinayakanur, IV. (13) Coorg — indigenous. 

(7) Singampatti — indigenous. (14) Coorg — Munzerabad. 

Further selections also have been made from the originsl 
selections of Singampatti cardamoms, made by Messrs. Bombay 
Burma Trading Co., Ltd., and these are under comparative yield 
trials. 

Hybridization work for evolving superior types from Singam* 
patti types were initiated by the Cardamom Specialist at Singam- 
patti and crosses between the undermentioned types have been 
effected ; — 

(1) Singampatti indigenous x Singampatti Ceylon. ; 

(2) Panicle erect x Panicle prostrate. 

(3) Leaves smooth x Leaves pubescent. 

(4) Bound pod x Long pod. 

Agronomical trials and experiments. — Systematic research work 
in cardamom in this State was started only from 1944, whw a 
scheme fpr scientific aid for the cardamom industry of South 
India, financed by the Indian Council of Agricuftural Beseaxdb 
and State Government on a 30:50 basis was sanctioned, with * 
Cardamom Specialist' and the necessary staff. The results tiMP 
vaxious experiments carried out are given below : — 

(o) Oerminating medium and soil texture of seed bed.— '^nw' 
optimum medium for prdper germination and growth of>the ■e^'v 
lings in the seed beds was investigated on the following {reataU|M 
with black ‘ shola ’ soil spread to a depth of one inch on Pm 
prepared nursery beds as control: (1) Black shola soil mixe^ 
sand in the proportion of 4 : 1 by volume, ( 2 ) Black 
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with leaf mould in the proportion of 4:1 by volume, (3) 
B^tck ahola soil mixed with wood ash in the proportion of 4 : 1 
by volume, (3) Black shola soil with well-rotten powdered cattle 
manure in the proportion of 4 :1 by volume. 

The trial has showed that a mixture of black shola soil and 
powdered well-rotten cattle manure and black shola soil and ash 
m the proportion ot 4 :1 are better media for nursery beds than 
leaf mould, sand or pure shola soil. 

(b) Effect on pre-treatment of seed. — ^With a view to find 
the ^ect of pre-treatment of the seed before sowing on the germi- 
nation and the final stand of seedlings, an experiment was con- 
ducted with four treatments, namely, steeping the seed for twelve 
hours (1) in cowdung slurry, (2) in tepid water (115° — 118° E.), 
(3) in cold water and (4) m Uortomoue ‘ A ’ solution in water 
(0.3 per cent) and with untreated seed as control. There was, 
however, no significant difference in germination and final stand 
between the different treatments and the untreated seed. 

(c) Effect of scarification of seed with sand on germination . — 
Shaking the seed with coarse sand and scratching the seed coal 
give quicker and higher percentage germination than the untreated 

seed. 


(d) Comparative merits of different mulch for seed-beds . — 
Cardamom beds have to be mulched to produce warmth for ger- 
mination, to retain the moisture in the bed and to prevent tne 
ill-effeet from drip of shade trees or pandal. Experimental results 
show that mulching is necessary and that grass serves as a better 
mulching material than dry leaf or jungle debris. 

(e) Shading method for nursery beds. — Shade is generally 
provided to cardamom nurseries by three different methods, 
namely, (1) natural shade of forest trees, (2) non-rain-proof pandcd 
and (3) rain-proof pandal. Experiments on the relative merits of 
the above three methods showed that shade provided by means 
of pandal gave better protection to the seedlings than the natural 
shade from the forest trees and that the extra cost of providing 
pandal was worth investing. 

(/) Effect of sun and light on germinaiion. — It has been 
repeatedly observed that the beds at the two ends of a long pandal 
registered better germination than the seed-beds in the middle. 
Experiments have indicated that it is more advantageous to have 
short beds with a short pandal than a long row of beds wiih a 
^gle long pandal. 

ig) Viability of cardamom seed. — Cardamom seeds are 
usually sown soon after collection as it is popularly believed that 
they lose viability if kept too long. The sowing tnals, conducted 
10 far, indicated that sowing the seeds soon after collection is 
mt»e advantageous than sowing after a lapse of 16 days and m(»’e. 
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^Experiments are in progress to find out (i) the optimum se ason 
for sowing seed, (ii) the yield of different selections, (iii) the 
sons f<ur the difference in the tillering habits of individual clumps 
and (iv) the performance of plants in relation to the lengtii of tbs 
mother rhizomes. 

Harvesting and yield . — ^As cardamom flowers over an extended 
period, the harvesting extends over a number of months. The 
main harvest season for the ‘ Malabar ' and ‘ Coorg ’ types in the 
northern tracts is from September to January, while that for ittie 
‘ Mysore ' type in the central tracts is from October to April. In 
Singampatti area, the harvest commences from July-AuguaJi and 
continues till the end of April. The harvesting from &e same 
clumps is generally done once in 30 to 40 days. The crop starts 
giving full yield only from the fifth year of planting in seedling 
plantations or from the fourth year of planting in ‘ bulb ’ plants* 
tions. The yield per acre vanes widely according to the type 
grown and the tract. The annual yield for big cardamom (Mysore) 
is 50 to 100 lb. and that for small cardamom (Malabar) 40 |o 
80 lb., while in Ceylon the yield from a plantation in full bearing 
'8 about 300 lb. per acre. 

Preparation for the market . — ^The cardamom pods have to be 
cured before they are marketed. The object in curing is to pro- 
duce a Ught straw coloured pod with no black or brown E^ts or 
other blemishes and with as little splits as possible. A certain 
proportion of splits, however, is unavoidable, as every harvest is 
bound to contain a percentage of over-ripe pods. The curing of 
cardamom during bright and dry weather is a simple matter as 
sun drying is the most efficient and cheapest method. Long 
exposure to the sun, in an attempt to dry the produce qnickty 
however, results in a large percentage of split pods. 

As the peak harvest season synchronises more or less with 
comparatively unsettled weather conditions, artificial drying 
methods are to be employed for drying a large quantify of the pro- 
duce in a comparatively short time, so that the produce may not 
be spoilt. A simple drying contrivance has been designed at the 
Agricultural Besearch Station, Taliparamba, suitable for efficient^ 
drying the produce in comparatively smaller estates. In very large 
estates with a considerable output a small forced draft dehydrat- 
ing chamber may prove more efficient. 

The kiln dried cardamom of the larger varieties (Mysore) ia 
green in colour, but the smaller cardamoms (Malabar) dry a mote 
yellowish green. The sun-dried cardamoms are lighter in cdbur. 
The proportion of dry produce to green pods varies fix>m SJO to 
25 per cent. The kiln-dried cardamom requires bleaching to iiait 
certain markets and this is generally done by treating the prodooe 
with Bulpher-diuxide. 

After drying and bleaching, the pods are clipped by Bobnon 
to remove the extra stalk and the ^ed calyx, and then i mi ted 
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into splits and entire pods. The entire pods are sorted according 
to colour of the pods and again sorted into commercial classifi- 
cations hke ‘ siiortb ’ and ‘ long shorts and in addition ‘ bold ’ 
and ‘ medium ’ according to the pluinpiness of the pods. 

Future research in improving ike crop . — A scheme for research 
for improving the cardamom industry of Soutii India submitted 
by the Government Mjcologist, and partly financed by the Indian 
Council of Agricultural Kescarch and partly by tlie State (iovern- 
ment was sanctioned for live years wnlh elleci from April 1944, 
in the first instance, and was subsequently extended lor another 
three years. The main researcii work is being earned out in the 
estates of Bombay-JBurinali Trading Co., Ltd., in Singampatti, 
by the Cardamom Specialist and research staff, working under the 
Government Mycologist. The work carried out by the cardamom 
research staff on tlie various aspects of cardamom improvement 
has been summarised already. 

Future work . — The future work consists mainly in pursuing 
the investigations of tlie various problems already initiated, till 
ways and means are devised for controlling the major pests and 
diseases responsible for low’ormg the yield, and superior high yield- 
ing resistant types are evolved. 

Nutmeg (Myristirn fragrans) and Mvce. 

Production and imporiance. — Tins spice is grown near 
Courtallam in Tirunelvidi (listri(!t and n>und about Burliar on the 
eastern slopes of the Nilgiris. A few trees are found growing in 
Anjarakandi, about nine miles from Cannanore. Outside Madras, 
it is reported to be growing well in Alwave and near IVivandrum, 
near the coast and in a iew estates in the interior of Travancore. 
The total number of trees under cultivation in Courtallam and 
Burliar area will not exce('d aliout 5()n and tlie total number 
of trees in the whole of India may be aboiu 1,500. The total 
yield can be estimated at about eight tons of dry nutmeg. But 
the major portion of the crop is generally sold as green nutmeg. 

The countries where nutmeg is cultivated on a large scale are 
Indonesia, West Indies and Malaya. 

Climate, soil and cultural practices . — In Madras, nutmeg is 
found to thrive in a humid tropical climate in the south-western 
regions from vsea level to an elevation of about 2,500 feet above 
mean sea level, a few miles from the sea to a distance of about 
a hundred miles away from the coast and witli an average annual 
rainfall ranging from 00 inches to 120 inches. The regions where 
nutmeg used to be grown on a large scale were and still are on 
small islands. 

The soil whete this spice is being grown in this State is fairly 
clayey With a good proportion of gravel. It is said that the deeper 
the tinge of iron in the soil the better it is for the full develop- 
ment of the tree. In Malaya, the best trees are reported to be 
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ia lateritic clay loam. In Indonesia and West Indies also, a clayey 
soil is considered best for nutmeg. But Moluccas where it is 
grown the soil is a rich volcanic loam with a large proportion of 
humus. Nutmeg is considered to grow well even m comparatively 
poor soil, so long as it is not too sandy and it is not too wet or 
gets too dry. 

The plant is propagated from seed. In foreign countries graft- 
ing is reported to liave been successful, but the performance of 
grafted trees has not been considered satisfactory. Trials on graft- 
ing, layering and raising plants by cuttings have not proved success- 
ful at the Fruit Kesearch Station, Burliar. Fully-matured seeds the 
husks of which have split aie collected and after drying for a day 
are sown with the shell in nursery beds in an open site shaded 
by pandals. The seeds start germinating in four to six weeks. 
When the seedlings are about six months old, they are potted and 
allowed to grow in the pots for about a year before they are planted 
in their permanent sites in the field. Seedlings, if transplanted to 
the field when too small, less than one foot in lieight, do not estab- 
lish satisfactorily. In Malaya, seedlings about 0 inches in height 
are planted. It is also custoiiiary to sow seeds directly in the pit 
ill the field. The spacing required for the plants is 20 to 25 feet, 
according to the gradient and fertility of the soil. If the gradient 
is high or the land comparatively poor, the lesser spacing only is 
required. Nutmeg requires medium shade for its successful 
growth, and particularly so in the first few years. The trees at 
Burliar and Courtallam are found to l)e growing in fairly heavy 
shade. Therefore, only partial clearing of the site is to be done, 
removing all the bigger trees and retaining the smaller ones at 
intervals of about thirty feet. Bananas may b(* planted all round 
the pits a few mouths or one year in advance of planting, so that 
the former would have grown sufficientl\ to juovide shade for the 
nutmeg plants. As the nutmeg plants grow bigger, the bananas 
can be thinned out and the trees left in the plot without felling 
would have grown suflicicntly to provide the required shade. It 
is also a good idea to iiitcrplant nutmeg as a mixed crop with other 
established tree crops, which will shade the nutmeg plants. Plant- 
ing in coffee or cardamom plantations may also be advantageous. 
The failure of nutmeg trees in Penang and Wellesley Province 
in Malaya is reported to have been due to want of shade. 

In Burliar, a mulch of dry leaves is always given round the 
trees, increasing the extent as the tree grows bigger. Nutmeg 
has a lateral root system very’ near the surface and therefore dig- 
ging the ground is avoided. 

No manuring is done to the trees either in Burliar or Courtallam 
areas, and even though the trees in these areas are over about fifty 
to seventy years old they are still bearing heavy crops. In Malaya, 
the trees are manured with cattle manure, prawn dust and oil 
cakes. It is reported that heavy manuring of the trees in PenMlg 
was responsible for the death of the trees to a great exirat. ” 
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The trees at Burliar consist of female trees with a more or 
less spreading habit and producing a large number of frmts and 
hermaphrodite trees which produce both male and female dowers 
and produce a very small number of fruits. These have a more 
upright habit than the female trees and produce a high percentage 
ot double-nuts. 

The male trees are generally cut down as soon as the sex of 
the tree is determined, i.e., when they start flowering leaving a 
few as pollinators. The only pruning that is done is to remove 
the dead branches and the excessive number of upright shoots that 
sometimes develop from the main trunk. The trees at Burhar and 
Courtallam liave grown to a height of about 30 to 40 feet, and most 
of these trees are over fifty years old and some even over 75 
years. The trees at Anjarakandi are about thirty feet in height 
and reported to be about hundred years old. 

Varietal ndroducliotis and trials, — Different varieties of the 
cultivated nutmeg are not known in India. The West Indies nut- 
meg is reported to he different in sliape to the Indonesian type 
being more elongated than the latter. The Indonesian nutmeg 
is considered superior to the West Indian. Variation in the shape 
and size of nuts produced by different trees is common in Burliar. 
Nutmeg was first introduced in Burhar and Courtallam over 80 
years back, but its cultivation has spread only very little, even 
in these areas. A wild variety of nutmeg {Myristica Malabarica) is 
found growing wild on the \Vestern Ghats. 

Agronomic trials and euperiments, — Investigations on the possi- 
bility of propagating plants by cutting, layering and grafting car- 
ried out at the Fruit Kesearch Station, Burhar, failed to give any 
positive results. Though the early experience m other* countries 
with grafted plants were not satisfactory, it may be wortliwhile to 
investigate the possibilities of ve^getative propagation of female 
trees of good performance and ensure the sex of the j>lants planted. 

With a view" to find out the possibility of growing nutmeg in 
different tracts in this State, planting trials of this spice have been 
made in a number of Kesearch Stations in this State, but it failed 
to establish in all these stations. Recently, a large number of 
plants has been planted in Wynad to see if this spice w"ould he 
suitable to this tract. 

Harvesting and yield, — In Burliar, the trees start flowering, 
about twelve years after planting, while in Indonesia and Malaya, 
they do so from the eighth or ninth year. The fruits are ready "for 
harvest in about six months from flowering. In Burliar, fruits 
become available for harvest almost throughout the year, but the 
main harvest is from June to October. 

In Burliar, some trees gave about 4,000 nuts in certain years, 
But the average was about 1 ,250 nuts or about 20 lb. of dried nuts 
and about 2 lb. of mace. In Burliar about sixty nuts with shell 

wai^ one pound. 

61 a 
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Preparation for the market , — The mace is separated from the 
nut carefully without breaking and flattened out wjth the palm 
of the hand and the nuts and uiace dried separately in the bright 
sun on mats, in Buiiiar, some difficulty is experienced for pro^ 
per drying due to wet weather during the main harvest seasoxii 
which is prejudicial and develops mould. After drying, nuts are 
preserved in airtight containers in a dry place. In Burliar, the 
dry nuts are not shelled but are kept without shelling. In foreign 
countries, nuts are dried over lire as well as in the sun, while the 
mace is dried in the sun, and the nuts are either shelled or pre* 
served with the shell. The kernels are, however, always exported 
without the shell. In large-scale nutmeg producdng countries, the 
nutmegs are shelled by machine. When the quantity is small, it 
IS shelled by a mallet with the hand. The kernels are treated with 
hme before export to give tliem a good colour and to prevent insect 
damage. 

Part played by research centres or stations in improving the 
crop . — The only research work Ciirried out on this crop in this 
State is on the raising of plants by vegetative methods, so that 
female trees of good iierlormance can be multiplied. The Prmt 
Kesearch Station, Burliar, which is the only Kesearch Station 
where this crop is being grown has been raising large numbers of 
seedlings of this spice and distributing it to different parts of India 
during the past few decades. 

Trials have been carried out in many Jlescurch Stations to find 
out if this spice can he grown in these stations to assess the suit- 
ability of the different tracts for the crop. Iffit this spice failed to 
establish in these stations. 

Future work . — Further experiments on vegetative propagation 
of the plant have to be carried out, so that female trees can be 
propagated and planted and compared with seedlings. The possi- 
hility of grafting on nutmeg seedlings or on the wild nutmeg seeds 
has to be investigated. 


Plantation Crops. 

* The cnief plantation crops in South India are tea, coffee and 
rubber. These crops occupy 194,664 acres in Madras State and 
their cultivation is c.onfined to the Malabar Coast and the region 
of the Western Ghats; the tracts are noted for their high rainfall 
and humid conditions. There are definite planting regions known 
as planting districts and they are Anamalais, Nilgiris, Nilgiris- 
Wynad, Shevroys, Madurai, Tirunelveli and Malabar. The esti- 
mated valuation of the planting industry in Madras State may 
put down at 23 crores of rupees. 

Tea. 

The tea plant (CainilUa thea, link) is said lo be a native vi 
Assam where it was found growing wdld. Earliest attempts at. 
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cultivation seem to have started in the year 1834 and then on, 
plantations increased on a large scale. The cultivation of tea in 
the Indian Union is limited to Assam in the north and to the 
r^ion^ of the Western Ghats extending from Coorg to Travancore 
in the south. 

Cultivation of tea in South India is restricted to high altitudes 
and plantations between 2,500 and 6,000 feet above sea level. 
The rainfall in the tea districts ranges from about 60 inches to 150 
inches and is sufficiently well distributed to help growth through- 
out the year. The temperature ranges between 55° and 90° F. 

The total area under tea in Madras State was 81,000 acres in 
1948-49 (Season and Crop TIepnrt, 1918—49). The Nilgiris tiad the 
largest area under tea 039,560 acres) followed by Coimbatore 
(24,720 acres) and Malabar (15,900 acresi. 

The average yield of tea varies widely dependant on the plant- 
ing district. The production of tea in South India in 1949 was 
99 million lb. amd in the Madras Stale was 19 million lb. 


Coffee. 

Coffee is believed to have been brought to India and introduced 
in Mysore over two centuries ago by a Muslim pilgrim named 

Bababudan. 

The first systematic plantation was established in 1836 near 
Chickmagalur in Mysore State. About the same time, plantations 
were started in the Shevaroys and Wynad in the Madras State. 
In the Nilgiris, plantations were organized only in 1846. 

Several species of coffee are known but only tw'o are popularly 
grown in South India, viz., Colfca arubica and Cofjea ro'busta. 
Coffea arabica was the earliest introduction and produces a superior 
quality beverage, though susceptible to diseases. Coffea, robusta 
is a more recent introduction and is sturdier and more vigorous. 

Coffee is generally cultivated in high altitudes ranging from 
about 2,500 feet to 5,000 feet, ibongh Coffea robtisia plantations 
are found to thrive even in lower elevations. The annual rainfall 
varies from 60 to 120 inches with a favourable temperature range 
el 55 to 90' F. , though higher temperatures are not uncommon. 

The total area under coffee in the Indian Union was 221.036 
seres in 1948-49 and the area in the Madras State w’as 89,048 
•ores. The Arabica variety was planted over 61,653 acres and 
^ robusta variety over an area of 27,195 acres. The annual 
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production of coffee in the Madras State and the Indian Union 
during the last three years were as follows : — 




Statement I. 

Production in tons. 

HadFM State. 


Indian Union. 


Year. 

Aiablca 

• Bobusta. 

Total^ 

r 

Arabioa. 

Eobuita. 

" '"'a 

(A) 

(») 

(8) 

(4) 

(6) 

(6) 

(7) 

1946-47 

3,038 

1,180 

4,218 

12,100 

3,266 

16,860 

1947-48 

1,981 

2,784 

4,766 

6,976 

8.830 

16,800 

1948-49 

6,817 

1,446 

7,262 

18,150 

3,560 

21,760 


(Annual Reports of the Indian Coffee Board, 194ft-4U). 


Coffee production fluctuates widely from year to year depending 
upon seasonal conditions. The demand for coffee m the Indian 
Union is increasing w’ith the increase in the habit of coffee drinking. 
Expansion... in the cofl'ee area is planned for. 

Rubber. 

(a) Cultivation and importance . — Rubber was. planted in South 
India on an experimental scale by the end of the nineteenth cen- 
tury. The high prices at the time gave an impetus to the planting 
industry and by 1921 the area increased to 71,500 acres. In spite 
of violent fluctuations in the prices of raw rubber, more and more 
land was planted and by 1949, the area under rubber in the Indian 
Union was 167 ,820 acres. The Madras State has an area of only 
27,780 acres, or one-sixth of the area in the Indian Union. Of 
this, Malabar accounted for about 90 per cent. 

Hevea brasilensis thrives only in high rainfall regions with 
annual precipitations of between 100 to 150 inches. The planta- 
tions are distributed in low elevations. The production of rubber 
in the Indian Union was 15,587 tons in 1949, though a peak pro- 
duction of 17,174 tons was obtained in 1944. Separate production 
figures for Madras State are not available. 

As most of^ the plantations were planted several years ago, the 
yields are relatively low, with an average acre yield of about 300 lb. 
Work towards increasing yields is new directed by introducing 
clones and budded material from high yielding trees. Plantations 
with such improved plant material are reported to vield around 
] .000 lb. per acre. 

Rubber is considered to be an important strategic raw material 
and therefore Government are protecting the industry by a price 
support programme within a closed econeray through the Tndi « m 
Rubber Board. The Indian supply of rubber is not sufficient' to 
meet India’s manufacturing industry. Rubber is, therefore, im- 
ported from neighbouring countries, particularly Ceylon The 
imports in 1948 and 1949 were 4.680 tons and 2.886 time, 
respectivelv. ' 
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(b) Research . — ^During the war, the acute shortage of rubber 
eonsequent on the falling of the Far East into enemy hands, led 
the Government of India to look for alternative sources of rubber. 
The first step was the investigation of the several rubber yielding 
plants existent in the State. Preliminary work was done at Coim- 
batore on the extraction of the latex from a number of plants and 
weeds listed below : — 

(1) Euphorbia tirucalli . — The latex from this plant was not 
coagulated by acetic acid but by a mixture of tannic acid and 
hydrochloric acid. The results were not very satisfactory, further 
the rubber was high in resin content. 

(2) Ficus sp . — Though the latex from this plant coagulated 
with acetic acid, the rubber was sticky. 

(3) Thevetia . — The extraction of latex from this plant was 
difficult. Tapping as well as extraction was unsuccessful. 

(4) Lactuca . — The extraction of latex from this plant was 
difficult by crushing. 

(6) White pagoda . — Though profuse in latex, the rubber was 
sticky. 

(6) Poinsettia . — The latex was coagulated by acetic acid. 
The rubber was elastic but became sticky on keeping. 

(7) Taraxacum kol-sagyaz, the Russian rubber plant, was 
found to grow as a weed in the Nilgiris and Palni Hills in eleva- 
tions ranging from 1,000 to 2.000 feet* under humid conditions. 
It is easily propagated by planting root cuttings. Rubber is ob- 
tained from the dried roots and the yield was estimated at between 
30 to 60 pounds per acre. Work on this plant was not, however, 
pursued. 

Cryptostegia grandiflora was found to be the most suitable 
among the wild growing rubber yielding plants and further in- 
vestigations were directed to this plant. This climbing shrub was 
introduced into this country from tropical Africa. It has become 
more or less naturalized. A botanical survey revealed extensive 
gregarious areas of this rubber vine in Kurnool and Tirunelveli 
districts and in a number of isolated patches in other districts. 

Propagation trials showed that both vegetative and seed 
methods of propagation were successful. Propagation by seeds was 
recommended for quick multiplication. Seeds germinated readily 
and the seedlings were much more vigorous than cuttings. The 
seedlings with their penetrating tap roots withstood drought better. 
Transplanting seedlings from nurseries was found to be more 
desirable than direct sowing. Two months old seedlings estab- 
lished better than tender or over-aged seedlings. Under dry condi- 
tions broadcasting of seeds was successful in getting good stand. 

The correct stage for the collection of the seeds from the pods 
was found to be when the pods turned brown. .\t this stage the 
aeeds possessed 60 to 80 per cent viability. Germination trials with 
stored seeds showed that they improved in viability in the early 
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stages of storage. Viability was good even after 40 weeks’ stotuiig. 
Pre-treatment of the seeds by soaking them m water for four boors 
shortened the duration of germination and gave uniformity. 

• Histological studies of CryptosLegia indicated that the lactioi*- 
ferous tubes were not easily distinguishable from the rest of the 
parenchymatous cells. In slightly older portions, however, they 
were larger than the parenchymatous cells and were therefore 
easily located. In longitudinal sections they appear as narroWt 
long tubes disposed parallel to one another. The latex tubes were 
found distributed throughout the plant, i.e., the root, stem, leaves 
and fruits and in all regions of soft tissue. In the stem, the latex 
tubes were located both in the region of pith and cortex. In the 
pith, they were more numerous and were located close to one 
another, while in the cortex, they were stray and scattered and 
occurred in the region of secondary cortex. In the leaves, they 
occur in the mesophyll and in pods, in the soft tissue of the 
raesocarp. The lacticiferous tissues were found present even at 
the very early stages of the seedlings and they appear to be formed 
at the time of differentiation of the tissues. At first, they were 
small but grew more rapidly than the surrounding parenchymatous 
cells and very soon became clearly differentiated from the rest ot 
the tissues. They seem to elongate in length by the dissolution 
of the tran.sverse walls of cells placed longitudinally in a line. 

These studies revealed that the plants cannot be tapped by 
making incisions in the bark as in the case of rubber trees, since 
that method of tapping opens out only the tubes located at the 
periphery and not in the pith. Further, the latex tubes do not 
branch freely and connect other tubes. It was found essential to 
open every tube to obtain good results. The method adopted for 
obtaining latex was +o cut the tips of vigorous gr-owing shoots (whip 
shoots) and collect the latex that drips. The lacticiferous tissues 
were found to be rich in latex during the growing and elongation 
period of the shoots. Judicious pruning resulted in increased num- 
ber of shoots being produced for tapping purposes. The quantity 
of latex obtained was the greatest during the morning hours up to 

9 a.m., and this was considered to be the moat suitable time for 
tapping. Each individual whip on an average yielded 0‘45 c.c. 
of latex per tapping producing O Ofi grams of rubber. 

Plants grown under irrigated conditions gave latex with 8 to 

10 per cent of rubber. Tapping at intervals of three davs induced 

more flow of latex than tapping dailv or on alternative days. 
The pH of fresh latex as determined bv hydroquinone and glass 
electrodes varied from 5'34 to 5-38. Coagulation of the latex 
occurred when the pH was between 4-f) and 4-8. This was effected 
by three per cent acetic acid in eight to twelve hours. Aleohd 
of 95 per cent strenrrth could also be used as a coagiilant but 'Wai 
not used commercially because of the large «|uantity requii«d Iw 
coagulation. " . 
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In order to maintain the liquid state and prevent spontaneous 
coagulation which resulted during the collection of the latex, the 
addition of anticoagulant was found to’ be essential. Addition of a 
few drops of 0*3 to 0-5 per cent ammonia solution to vessels prior 
to the collection of latex was found to prevent latex coagulation. 

Cryptostegia latex could be preserved for a considerable length 
of time with ammonia. It was possible to prepare sheet rubber 
out of the latex and the sheet rubber showed good keeping quali- 
ties. The rubber obtained was rich in rubber hydrocarbons and 
compared favourably with rubber from other rubber yielding plants. 
The yield of plug rubber depended largely on the season and the 
number of tappable shoots. Irrigation generally increased the 
yield of rubber and rubber from irrigated fields was superior in 
quality compared to the rubber from unirrigated plots and marked 
variations in quality were noticed. The leaf formed an important 
source of rubber containing from 3 to 6*6 per cent of rubber. A 
method involving fermentation of leaf material for the enrichment 
of the rubber content followed by chemical extraction was worked 
out for the recovery of raw rubber. 

The plug rubber from Cryptostegia responded to all vulcaniza- 
tion tests for a number of mixes and the tensile and aging figures 
compared favourably with Hevea scrap rubber. Manufacturing 
test report from the Indian Rubber Manufacturers said that “ it 
has attained sufficient mechanical strength to be of use for such 
articles as are not subject to severe mechanical stress and where a 
little imbedded dirt would not impair its quality in actual service. 
Rubber proofing of fabric can be attained with this rubber if suit- 
able strainer of the nature of a fine sieve be used. Forcing the 
rubber solution through the sieve would remove dirt which should 
not be allowed to come in contact with proofed canvas. The 
periods of milling operations were considerablv shortened due to 
the high resin content and breaking down of the rubber had to be 
done on the cold rollers.” 

Carbon dioxide was found to be the best preser\’a*tive for 
Cryptostegia rubber in conformity with the practice >)f smoking 
Hevea rubber sheets, and smoking of Cnjpfosfeqia rubber was 
recommended to prevent mould and fungoid spot diseases. The 
two drawbacks in the way of Crifptosteqia rubber becoming iiopular 
were (1) its high resin content and (2) the high cost of collection. 
The resin was found removable by solvent extraction. 

Simultaneous with the technological studies, a scheme for the 
commercial production of rubber from Cryptostegia qrandiHora was 
taken up in 1944 in Kurnool district. Both latex and plugs were 
collected dailv for 15 davs adopting the direct bleeding method 
and emploving paid labour. The cost of collection worked out to 
per pound. When plugs alone were collected dailv, 
lUje cost per pound was Rs. 10-15-47. It was observed that the 
chief reason for the high cost was the thorny undergrowth in the 
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wild Cryptostegia plantation selected for tapping which impeded 
free movement of labour for collection. When the undergrowtli 
was cleared, each labourer was able to tap nearly 3,000 shoots and 
collect a httle more than two ounces of rubber every day. The 
cost of production was also reduced to Es. 4 per pound. Owing 
to continued scarcity of rubber during the war period, the scheme 
of collection of latex was extended with a large staff of maisthes 
trained in collection work. Arrangements were also made to pur- 
chase plug rubber offered for sale by villagers at Es. 4 per pound. 
The results were not satisfactory and only 394 lb. of rubber could 
be collected. The proposal was, therefore, discontinued. 

Cryptostegia grandiflora as green manure. — ^With a view to find 
out the potentialities of Cryptostegia grandiflora as green manure, 
field trials were conducted at Bannur, Coimbatore, Aduthurai, 
Pattukottai and Sainalkota, comparing it with other green 
manures such as Daincha, Sunnhemp, Pillipesara, (Hiricidia and 
Sesbania speciosa, in varying doses on paddy crop in presence and 
absence of 30 pounds P? 0 j level. The trials did not give any- 
where significantly higher yields compared to other green manure 
crop. Further essential characters of green manure plants, namely, 
quick growth and production of large quantities of foliage within a 
period of two to three months were found wanting. The nitrogen 
value of the rubber leaf (0-6 per cent on wet basis) was also not 
superior to other green manures. It was therefore found uneco- 
nomic to grow this vine for green manure purposes. 

Scientific assistance to the planting industry . — The Planting 
Industry is now managing its scientific problems by itself. In 
earlier years, however, scientific assistance to the planting industry 
was rendered by the Government through the department for some 
time and later by financial aids. 

In 1909, a Deputy Director of .Agriculture, Planting Districts, 
was appointed. He visited as many of the individual estates as 
possible and devoted his attention to the solution of the more 
obvious problems, by means of lectures and propaganda. The use 
of green dressings and cover crops to improve soil fertility and 
prevent soil erosion, the introduction of a system of drainage, the 
use of lime to neutralize .soil aciditv and the adoption of rational 
manorial programmes instead of indiscriminate application of diffe- 
rent kinds of manure for no particular reason, were some of the 
problems that were handled in this manner. Attention was also 
directed to the control of a large number of insect pests and dis- 
eases by the introduction of a system of spraying. A laboratoiy 
was started where it was possible to make a simple analysis of soils 
and manures. 

In 1914. four experimental stations were established on a small 
scale to study the various problems which had arisen, manurlal, 
cultural, etc. At the same time, two new strains of coffee had 
been evolved bv plant breeding and selection methods with, tiba 
help of coffee planters who had been working to this end for maa^ 
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years but had not gained much success till they got scientific 
advice and help. These strains were widely planted and tried out 
under various conditions. A number of new problems were taken 
up, such as methods of tapping rubber, control of the mosquito 
bUght and the Brown Blight of tea. 

In 1919, with the transfer of the offices of the United Planters 
Association of South India to Coimbatore, the analytical work was 
taken up by the Government Agricultural Chemist. Many valu- 
able investigations on the root diseases and the secondary leaf fall 
of rubber were conducted by the Government Mycologist during 
that time. 

By 1921, the Planters generally had begun to realize the value 
of scientific advice. The rubber planters, therefore, made up their 
mind to get a specialist of their own and pay for him. A Kubber 
Mycologist with a Mycological Station was established at Munda- 
kayam. He studied the problem of secondary leaf fall and showed 
bow the disease could be controlled in a practical manner by 
spraying with Bourdeaux mixture. Afterwards the spraying of 
coffee was demonstrated against the coffee leaf disease. The 
objects of the coffee spraying experiments were (1) to find out to 
what extent leaf dusease of coffee can be controlled by spraying, 
(2) to find the maximum strength of the solution for effectiveness 
and economy, (3) to test the efficacy of different kinds of adhesives 
when added to Bourdeaux mixture and (4) whether the health of 
the plant and the gam in crop compensate for the cost of the work. 
The spraying experiment brought out the fact that the leaf pro- 
duced in the April-May flush was retained when sprayed, while 
the unsprayed lost practically all the leaf. On comparing the 
sprayed with the unsprayed control plots, it was found that there 
was not the same amount of ‘ die back ’ in the sprayed plot, while 
the wood on the whole was stronger. Half per cent Bourdeaux 
mixture (2| — 2i — 50) with casein was found to be the most eco- 
nomical and efficient dose. Lime sulphur did not show significant 
results. 

Though in 1909, there was a great deal of apathy amimg the 
planters and even a certain amount of opposition to the scheme 
of scientific assistance, in 1924 the United Planters Association 
of South India were not only very eager for advice but realized 
that they must have a much bigger and better equipped scientific 
department than they had then with more men working at special ' 
problems and with more facilities for study and opportunities for 
making themselves acquainted with the most modern developments 
in other countries. 

To this end they put forward a scheme of development for a 
period of five years. Accepting the scheme, Government trans- 
ferred^ the experimental planting stations to the United Planters 
Association of South India in April 1924. The Madras Govern- 
ment also agreed to contribute a sum of Bs. 28,000 annually for 
A period of five years in furtherance of the objects of the scheme. 
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The contribution was renewed for a further period of five yeait 
from 1929. In 1934, however, the Government reduced the annul 
contribution to Es. 21,000 up to 1939, when it was further reduced 
to Es. 12,000 per annum for a period of two years. The grant 
was enhanced in 1941 to Es. 16,500 per annum for a period of 
three years from 1941—42 to 1943-44. The grant was discontinued 
from 1947. 


The Cashew Tree (Auaeardium occidentale), 

(Tamil: — Mindiri. Telugu — Jeedimamidi, Malay alam—P'dran^'fiuin^ or 

Cashmava, Kannada — Qera bija, Hindi — Kajtt,) 

Introduction , — The cashew is a native of Tropical America. 
]t is reported to ]ia\e been introduced into the West Coast of India 
by the rortiigiiese some 400 years ago for the purpose of check* 
ing soil erosion on the coastal lands. The tree has become so 
naturalized in the West Coast that it now grows wild in the waste^' 
lands of the West Coast. 

The tree has attained commercial importance only within the 
past two decades with the rapid increase in demand for cashew 
kernels from< foreign countries especially United States of Ame* 
rica. In recent years, the cashew shell oil also has come into 
prominence owing to the discovery of many uses for it. Cashew 
apple, gum from the bark of the tree and timber are the other 
products of the tree, useful to man. The importance of the crop 
at the present juncture as a dollar earner for the country is second 
only to that of jute and tea. 

Acreage and production . — In India the main cashewnut belt 
lies in the coastal strip lying between the Western Ghats and 
Arabian Sea extending from Eatnagiri in the Bombay State right 
down to Cape Comorin. The main centres of cashew cultivation 
and production are Eatnagiri and North Kanara districts in Bom- 
bay, Goa, South Kanara and Malabar districts in Madras and the 
United States of Travancore and Cochin. The tree has also in 
recent years been introduced into Bengal, Orissa and Mysore. In 
the Madras State, besides the West Coast districts of Malabar 
and Soutli Kanara, cashe\v is being grown in the districts of Tini- 
nelveli. East Godavari, Visakliapatnam, Guntur, Tanjore, Chingle- 
put and South Arcot. 

In the cashewnut Marketing Eeport published in 1944, the 
acreage under the crop in Madras was estimated at 45,000 acres 
of which 60 per cent was accounted for by Malabar and Soutibi 
Kanara. Since then there has, undoubtedly, been further increase 
in the acreage owing to the heavy demand for the kernels from , 
foreign countries and the prevalence of attractive prices. 

The annual production of cashewnut in India is estimated at 
about 46,000 tons, though in a good year the production may 
M high as 60,000 tons, valued at 7 crores of rupees, A 
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estimate of tlie proportion of the total production from the 
important producing areas is as follows: — 

PER CEiNT. 


Madras 50*2 

The United States of Travancore and Cochin ... 30*5 

Bombay 9*7 

Bengal 

Orissa 1*1 

Mysore 0-6 


Madras State is 


far the most important State as far as 


cashewnut production is concerned. 


Exports and imports . — India ranks us the must important pro- 
ducer of cashewnut in the world and holds almost a monopoly 
accounting for more than 115 per cent of the international trade m 
cashewnut kernels. Up to 1925, the quantity exported did not 
exceed 50 tons. Later on, how^ever, it grew rapidly. In 1941-42 
the quantity exported amounted to 19,923 tons valued at lis. 209 
lakhs. Luiung war years there was a decline, but with the cessa- 
tion of hostilities the trade recovered. In 1945-46, 12,059 tons 
valued at lis. 572 lakhs w*ere exjiorted. In 1948-49, the exports 
showed considerable rise, it being 18,285 tons of kernels valued 
at Hs, 493 lakhs. 


During the triennmiu ending 1941-42, the quantity of ceshew 
oil exported averaged to 1,078 tons per annum. In 1948-49 shell 
oil worth half a million dollars was exported to America, besides 
large quantities shipped to Canada and the United Kingdom. 

The present production of cashewTiuts estimated at 45,000 tons 
is not enough to meet the demand for export of cashew kernels. 
It is only sufficient to keep the cashewnut curing and proc^essing 
industry going for about a period of seven moiiihs m the year. 
Large quantities of raw casliewnut are, therefore, imported every 
year, practically all from* Afr*icu mainl\ Portuguese East Africa, 
to be processed and exported as cashew kernels. In the trienmum 
ending 194< Ml, the imports averaged to about 28,000 tons per 
annum. In 1948-49 about 41.‘J00 tons of raw nuts were imported. 

Cultivation of the ca-sheu' — Soil and cUmaie . — Cashew tree is 
hardy and drought resistant and is not very fastidious about its 
soil and climatit* requirement.^. It flourishes on all types of soil 
from pure sand to later ite, on steep hill slop.es and on extremely 
stoney soils with out-crops of rocks. It is therefore an ideal crop 
for cultivation in the wastelands and soils of low fertility where 
no other crops can be profitably grown. It does well in the plains 
ttp to an elevation of 1,500 feel above the sea level,^ The tree 
comes up well on the West Coast with an annual rainfall ranging 
from 120 to 150 inches and equally well on the east coast with 
only an annual rainfall of about 35 inches. The tree cannot stand 
frost. Nearness to sea is another factor reported to influence the 
luoductivity of cashew trees. Satisfactory yields are obtained onlv 
|0 to 50 miles from the sea. 
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Seeds and sowing . — Seeds axe generally planted direct in tiie 
pits 1 to feet cube previously dug 20 feet apart both ways and 
rehlled to about three-fourths the depth with good surface soil, 
at the beginning of the south-west monsoon after one or two 
soaking rams. Two nuts may be sown in each pit to allow lor 
bad germination or replacing the unthrifty seedlings in the later 
stages. Sometimes the seeds are planted giving a spacing of 10 
feet by 10 feet, thinning being done later on as trees grow up, to 
give more space. The practice of raising seedlings in baskets filled 
with good soil and coir dust or fibre and transplanting them in the 
field during rains is also in vogue in certain localities. 

After culUvaLion . — ^After planting, the trees seldom receive any 
attention by way of cultivation or manuring though these opera- 
tions improve the yield of nuts. Some catch crops can, however, 
be taken for the first few years if the soil and local conditions 
permit. Tins would provide some subsidiary income and also bene- 
fit the plantation indirectly. 

Harvest and yields . — The trees generally begin to yield from 
the third or the fourth year. Full bearing will commence from' 
the eighth to tenth year and will continue for another 20 years 
before dechne sets in. The life of a tree may be from 80 to 40 
years. 

Flowers appear in panicles at the ends of branches from about 
November to January and the fruits begin to ripen by February- 
March to May -June. The harvest of the ripe nuts is done iieriod- 
ically. V’ery often if the ripe fruits are not harvested in time, 
bats, birds and squirrels eat the apples and drop the nuts on the 
ground from where they are collected. 

The annual average yield of a tree in full bearing has been 
computed at 20 lb. on the West Coast, 30 lb. m South Arcot and 
Visakhapatnam and 40 lb. in parts of Orissa. Yields as high as 
100 lb. per tree have also been recorded from fully developed trees 
growing in favoured situations. 

Processing of the raw nuts . — The kernels front the nuts are 
the chief product for which cashew is valued. To obtain them the 
raw nuts harvested are cured which process includes such pro- 
cesses as roasting, shelling, peeling, sweating and finally grading 
and packing. The raw nuts harvested are ^ed in the sun for a 
day or two and then roasted in small lots in shallow open pans 
over direct fire. This method is wasteful in that the valued shell 
oil is completely lost. In the improved processes now being adopt- 
ed by large firms, the nuts are roasted in rotary cylinders or by 
passing them through a bath filled with cashew shell oil and kept 
at a temperature of 370 to 380* F. This not only helps to roast 
the nuts uniformly to the desired d^ee but also recover a large 
percentage of the cashew shell oil. 

The shelling of the roasted nuts is done entirely by humw 
labour. The proportion of kernels to whole nuts that may W 
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obtained is about 25 to 30 per cent. The kernels are again dried 
either in the sun or in specially constructed hot air chambers 
with a view to facilitating the removal of the thin brownish skin 
which gets shivelled during the treatment. The outturn of peeled 
kernels to unpeeled works out to 88 per cent. The peeled kernels 
are slightly moistened or sweated again to prevent breakage in 
transit. The blanched cashew kernels are then graded according 
to market requirements and packed in vacuum with or without 
carbon-dioxide. 

Cashew apple, — The cashew apple ib really the swollen stalk 
to which the nut is attached. It is tw'o or three and half inches 
in length and has a thin skin which may be bright yellow or 
scarlet of different intensities. On on average a tree may yield 
about 76 lb. of apples per annum. 

Research. — Work on the improvement of the crop was taken 
up from time to tune at the Agricultural Hesearch Stations, Tali- 
paramba and Nileshwar III, and Fruit Research Station, Kodur, 
where cashew trees are growing. The I'esults are summarised 
below. 

Rcolution of strains. — No strain has been evolved so far in the 
cashew. However, as a result of detailed observations on the yield 
and quality of nuts (d’ individual trees growing in the research 
stations, high-yielding trees with heavy nuts and other desirable 
qualities ha\e been marked (ml. For ^eed purposes tmly medium 
sized, heavy, well -developed nuts from fully ripe fruits of these 
trees arc selected. Being a cross-pollinated crop, trees raised from 
nuts do not generally breed true to t\pe, but experieiu'e from 
actual planting has shown that the desirable characters are inherited 
to a large extent. 

Study of the tarudion in morphological and economic rharac- 
ters, — The population of trees growing at the Agricultural Research 
stations is a mixture of types, and detailed study of individual 
trees in respect of the various morphological and economic charac- 
ters was made in order to have an idea of the extent of variations 
present. Variations were found to exist in all measurable cliarac- 
ters as can be seen from the following statement : — 


Cbaraoter* 

Bange of Tarietloa^ 
obsenred. 


Remarks. 

Mazl- 

mam. 

Mini* 

mum. 


(1) 

W 

(S) 

(4) 

(5) 

!• Yield of nute per tree . . 

1,400 

nofl. 

12 

. * 

Data gathered 
at Kodur in 
1943. 


1250 

50 


Data gathered 


at Kodur in 
1944. 
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Character. 


( 1 ) 

1 Yield of nuts per treo-— coni. 

2 Number oi nuts per 

Madras measure. 

3 Weight of nuts per 

Madras measure. 

4 Number of nuts per lb. 

6 Number of fruits per lb. 

6 Weight of apple alone 

(oz.) 

7 Weight of juice per -apple 

(oz.). 

8 Volume of juice (co) per 

apple. 

9 Weight of kernels from 

100 nuts (oz.). 

10 Percentage of apple to 

fruit by weight. 

11 Percentage of nuts to fruit 

by weight. 

12 Percentage of kernel to 

nut by weight. 

13 Percentage of juice to 

apple by weight. 

14 Percentage of shell to nut 

by weight. 


Eange of varlatlonB 
observed. 


Mean* 


EamaitSt 


MaxJmnm. Minimum* 

(2) (8) (4) * (6) 

3,319 379 1,824 "J 

430 196 306 I 


2 lb- 2 lb.- 2 lb. 


14 OZ. 
153 

24 

2*4 

11 oz. 
72 

8 

0*7 

-1*2 oz. 

no 

13*4 

1*49 

M 

0*3 

0*69 

31-6 

10*6 

20*3 

7 

2 

5*3 

91*4 

82*4 

88*8 

17*6 

8*6 

11*2 

48*0 

30*0 

40*2 

61*7 

34*1 

47*2 

70 

52 

59*8 


Data coOeotad 
of a fbw 
oashewnut 
type* at Agri* 
' ottltoral 
lieaear^ Sta- 
tion, Tidi* 
paramba in 

1936- 37 and 

1937- 38. 


Similar Cibseivations were made at the Agricultural Benearch 
Station, Nilesliwar 111, also. These differences persist from year 
to year and point out to the definite possibility of evolving superior 
types by selection and hybridization. 

Agronomic trials — Manunal experiment . — To find out the res- 
ponse of the cashew to manuring and cultivation, an experiment waa 
started at the Atuicultural Research Stat;on, Nileshwar 111, lu 
1942. Ammonium sulphate d lb.), bone meal (1 lb.) and ash 
(10 lb.) per tree per year were applied .singly and in combination. 
The tiees receiving au the manures gave beMc*- jieMs llian thi-se 
receiving one of the manures alone. Experience at Agricultural 
Jiesearch Station, Taliparairilia, also showed that cashew responded 
to cultural and manurial treatments. 

Studies on vegetative propagation . — Being a cross pollinated 
crop, progenies raised from nuts do net breed true to type. Triato 
to propagate the tree by vegetative propagation methods such as 
cuttings, layering, side Rafting, inarching, patch and shield bud- 
ding were done at the Fruit Research Station, Kodur, and the 
Agricultural Research Station, Taliparamha. Inarching and layer- 
ing showed much promise while cuttings fared the worst. Layers 
made at. Kodur in the rainy season struck root in all cases in twp 
months and it was found advantageous to raise the layers in pots. 
The success of layering was 40 per cent in a trial done in Decemhw • 
1945 at Taliparamha. Inarching at Kodur gave an equally 
‘ take ’. Trials tor -see whether application of root promotiiig hofr;. 
mone will promote satisfactory rooting of cuttings have been tiflwil V 
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UP at the Agricultural Beeearch Stafion, Nileshwar, but no con- 
orasi'Fe results have as yet been obtained. 

Nursery studies — (i) Depth of sowing and position of nuts and 
^rmination. — The fleshy and delicious cotyledons of the germi- 
nating nuts are very much liked by birds, jackals and rodents and 
tiiey do considerable damage to the nmsery. In one year, as many 
as 34 per cent of the sprouts were damaged or destroyed at TaU- 
paramba. To see whether the depth of sowing and position of 
nuts have any bearing on germination and extent of damage, trials 
weiu uaade at the Agricultural Kesearch Station, TaUparamba, in 
1944-46. Seednuts were sown in the upright position, with the 
suture slanting and facing upwards with the suture slanting but 
facing* downwards and on the side the suture being horizontal, at 
two different depths, viz., one inch and two inches. Maximum 
germination was obtained iu tlie case of nuts sown in a slanting 
position with the suture facing upwards. The damage to sprouts 
was entirely confined to the nuts sown at a depth of one in^ 
below ground level ; the lot sown at two inches deep being com- 
{detey free from damage. The necessity for sowing seeds deep is 
thus obvious. 

(ii) Size and weight of nuts and gernUnation. — The influence 
of the size and weight of nuts on germination was investigated 
at the Agricutural Kesearch Station, Nileshwar lU, in 1937-38. 
The variants under comparison included big nuts, small nuts, 
bulged nuts, flat nuts, heavy nuts (sinking in water) and light 
nuts (floating in water). Big sized and heavy nuts gave the maxi- 
mum germination, while flat and light nuts recorded minimum 
values. It 16 conclude that for seed purposes only large sized and 
heavy nuts should be selected even from desirable trees. 

(iii) Maturity of the nut and gerniinatton. — There is a belief 
among the ryots that seeds not quite fully mature (i.e. , nuts collected 
when the apple is fully grown and is about to change colour in a day 
or two) are better for seed purposes than fully mature ones. This 
was tested at the Agricultural Eesearch Station, Nileshwar m. 
The data gathered failed to show difference between the two groups 
of nuts in any of the characters studied, viz., percentage of germi- 
aation, time taken for germination, height of seedlings and the 
number of leaves when the seedlings are three months old. 

(iv) Germination of nuts sown with and without the apple . — 
A trial was carried out at the Agricultural Besearch Station, 
Ntjtoshwar m, in 1941-42 to find out whether sowing cashewnuts 
^h or without the fleshy apple is better. Data gathered showed 
that nuts without the afple germinated earlier. However, there 
was no difference between the two in respect of total germination, 
t^^t^of seedlings or the number of leaves of three months old 

* fv) Germination and differences due to looaJity . — ^To find 
^ Whei&er the seednuts obtained from different localities exhibit 
^Kffwence in regard to germination and growth of seedlings, an 
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experiment was conducted at the Agricultural Besearch StatuMa, 
Nileshwar HI. Seednuts collected from red soil tract of Kasara^od, 
and red and sandy soil areas of Nileshwar were sown and studiod. 
There was no difference either in germination or growth among 
the lots collected from the different locaUties. 

Floral biology , — Studies in the biology of the cashewnut flowet 
were made both at Kodur aud Taliparamba. The inflorescenoe id 
terminal, polygamous and similar in floral sti'ucture to mango. IW 
the first 2 to 14 weeks of flowering, the flowers produced 
mostly male whereas the flower panicles produced about one to 8 
months after the onset of flowering show a large prepondetanoe of 
bi-sexual flowers. The bi-sexual flowers are larger in size than the 
male flowers. Anthesis is very active between 12-30 and ‘13-80 
hours. The bi-sexual flow’era open in the evening while male 
flowers open m the morning. The stigma is receptive in the morn- 
ing. The proportion of bi-sexual flowers that set fruit is as low as 
one per cent. In controlled cross-pollmation, 13-6 per cent of the 
flowers fertilized developed into fruits and this appears to suggest 
that want of efficient pollination in nature might be the reason 
for the poor setting of fruits observed. Unlike in mango, flowering 
in cashew is always preceded by a growth flush. 

Preparation of cashew syrup . — As already stated, cashew apple 
is one of the important bi-products of the cashew tree. The apples 
cannot be preserved for any length of time as they will deteriorate 
rapidly. The Bio-Chemist, Kodur, has worked out a method of 
preparing cashew apple syrup. 

An efficient method for the packing and storage of cashew 
kernels . — The Government Agricultural Chemist in collaboration 
with the Agricultural Bntomologist carried out certain investiga- 
tions on the packing and storage of cashew kernels. The IfArn^lf 
were preserved under different storage conditions, viz., (1) vacuum, 
(2) Co2 atmosphere (20 per cent) and (8) at atmospheric nond i tio nn 
for a period of three months and studied the deterioration and 
insect damage. All the samples were free from insect attack. 
However, the sample kept in vacuum w'as superior to others from 
the point of view of both acidity ^nd rancidity, which are the 
criteria of the quality of the kernels. The study indicated the 
possibility of preserving the kernels free from insect attack and 
deterioration by packing them asceptically after sterilization (65 ’C) 
in vacuum, using, for the purpose, clean disinfected or BteriUzed tin 
containers. 

Desiccation of cashew apples.~The loss of weight in red said 
yellow-coloured cashew apples on exposure to sun for five honri 
was studied at the Agricultural Eesearch Station, Nileshwar Hi. 
It was found that the loss in weight was significantly more in tiw 
case of red-coloured apples. 



^CHAPTER 16. 

DBUGS, NARCOTICS AND OTHER CROPS. 

Hantane* Croea, Camphor, Chicory, Ipecacuanha, Jalap, Senna 
Qaaja* Tobacco, chewing and smoking varieties, stndns evolved, 
gradhig and nuurketing— The Central Tobacco Committee — Betel-vine, 
Taphrosia Vogeiii, Pyrethrum, Derris, Stink grass. Kapok, Little rice, 
Ti^ oU, Indigo, cultivation and industry — Kudzu vine, Ratan cane, 
water chestnut. 

Introduction . — In India, the indigenous ‘ Ayurvedic system ’ of 
medicine mskeg use of various plants noted for their medicmal pro- 
perties, and phjwcians collect these medicinal plants from various 
sources. The collection, however, is difficult and defective for want 
of correct and standard names of the plants. Much confusion is 
caused since the same plants are known by different names in 
diff^ent tracts. To remedy this defect and to have plants of 
medicinal value systematicallv collected, classified and identified, 
the Madras Agricultural deiKirtment undertook to start a garden of 
medicinal plants. The first attempt in this direction was made 
in 1878 in an area of two acres in the Botanic Gardens, Ootaca- 
mund. Other factors also contributed to the development of this 
work. In 3923, Nilgin Jalap found a very good market in London 
.as it otHitained a high percentage of active resme. Therefore, the 
jalap plant was cultivated on a fairly large scale in the gardens. 
Later, seeds of several luedicinal, msecticidiil and other useful plants 
were obtained from various sources by the department and tried at 
several places. It was found that some of the plants could be 
successfully grown in the Madras State. A short account of the 
plants studied is given below. 


1. Henbane {Ilyoscyamus mulicus) (Solanaceae). 

This crop the leaves of which are used in the preparation of 
a tincture was cultivated at Koilpatti Farm (Tirunelveli district) 
for the first time in 1916 at the request of a Tuticorm firm. After 
ih akin g many attempts to ascertain the best system of cultivating 
the crop, it was grown successfully on a five cent plot. Ninety 
pounds of dried leaves were obtained from the plot and the produce 
was forwarded to the Medical Store, Madras ; and a small quantity 
was also sent to the Imperial Institute, London. The Medical 
Stoire-keeper to the Government of Madras reported that the tinc- 
toia prepared from the produce was tested and found to be satis- 
hldhwy .The Imperial Institute, Loudon, also reported favourably 
bttd suggested that the cultivation of Henbane might be continued. 

A.M.— Ska 
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2. Coca plant {Erythroityium Coca) (Lineae). 

The Coca plant (Erythroxylum Coca) is a small shrub indi- 
genous to Peru, Bolivia, Columbia, Brazil and Argentine. It is the 
source of the alkaloid cocaine which is extracted from the leaves. 
Peru and Bolivia alone produce annualy about 16,000 tong of Ary 
^a leaves containing 0-6 to 2‘6 per cent, of various alkaloUks 
including 0*2 to 0‘8 per cent, of cocaine. 

In Brazil, and other parts of South America, it grows at ea 
elevation of 2,000 — 6,000 feet above the sea level. There airei 
several varieties of the coca plant, of which the following two see 
important : (1) E. Coca (Var. typica) and (2) E. Coca {var) now 
granatcHse, In Madras, Ceylon and Mysore, it is grown only for 
experimental puiposes. Various attempts were made to grow ooce 
in India, and the plants cultivated in Madras, on the slc^s <rf 
Nilgiris, throve much better than elsewhere. 

The plant thrives best at elevations of 2,000 to 5,000 feet. 
The temperature at this level does not fall below 60®F and the 
climate is free from sudden changes. Like coffee, oooa does 
best on mountain slopes with perfect drainage. Shade is said to 
be unfavourable for the formation of the alkaloid in the leaves. 

The plant comes up successfully in well drained, moist loam, 
rich in humus; but, as it is an exhausting crop, heavy manuring 
ig necessary. The crop requires large quantities of potash and 
nitrogen. Good rainfall is essential and a heavy crop may be 
expected, 18 months after the time of planting. The plants may 
be raised from cuttings ; and if cultivated on a large scale, seedlings 
eight to ten inches high will be required. There must be a libmnl 
supply of water to aid germmation. When once the plantatimi is 
successfully established, it lasts for 40 years. The percentage of 
alkaloids in the leaves goes on increasing up to ten years, kewB 
at a constant level up to 20 years and afterwards gradually 
down till the fortieth year. 

The leaves are ready for gathering when they become rigid 
and break on folding. Two to four crops can be obtained in rich 
soils in a year. The leaves are picked singly and care must be 
taJken not to pluck young leaves or .shoots. A dry day should be 
chosen for the harvest, and the picking should not be carried aft«r 
noon time, since several hours of sun>drying are necessary after 
picking. The completely dried leaves are put aside for a day Of 
two and then packed. Air-tight packages similar to those m d 
lor tea are the best. 

PreparaUon of the Alkaloid from the leaves.— The coca leevei 
contain several alkaloids derived from eegonine, the most 
ant bf which is cocaine. The percentage of total alkaloids fmm 
k the coinmerdal leaves varies from 01 to 2-4, Java coca 
ing the hipest amount, consisting largely of oinnamyl 
Omh oocaine is obtained, by mixing the dried leaf poWdfMF Ulllt, 
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iiaksd lime and extracting with' ether. The crude alkaloid is then 
purified by acid treatment and by suitable chemical methods. 

Thfflre are several varieties of coca, and the typical one that 
ctm be best grown at higher elevations, is E. Coca, if the object 
is to obtain a large quantity of crystallizable cocaine. The Novo- 
gtajdenae thrives at sea level in the tropics and yields nearly if 
nqtt quite as high a ^wrcentage of total cocaine as E. Coca, but a 
large proportion of it is, with the present chemical methods, 
Uncrystallizable. The latter seems to give a larger crop of leaves 
but nuits more sparingly. 

It has been clearly established that the climate and physical 
conditions of many parts of India are well suited for the growth 
of coca, but whether its cultivation will be remunerative is another 
question. The Indian plant is generally richer in alkaloid content 
uian the foreign material. 

8. Camfhob (Cinnamomum camphora) (Lauraceae). 

The department obtained 50 young plants from Ceylon in 1909 
and planted them at the Agncultural Beserach Station, Taliparamba 
(Malabar district). Twenty -five plants survived but they were not 
progressing well. They suffered from “ die back ” of the branches, 
and the best was only 20 feet high. The cultivation of camphor 
was tried by a nuniber of planters on the hills. A few trees are 
grown in the estates on the Nilgiris but no attempt has yet been 
made for the sublimation of camphor. A number of trees are 
growing in the botanical gardens, Ootacamimd. 

4. Chicory (Cichcmum intybus) {Compositae). * 

It was grown on the Central Farm, Coimbatore, in 1918 to 
1919 and 1920 and also 1933-34. In all these years, it was grown 
as m irrigated crop, and yielded about 35,000 lb. of dried root per 
ame on the average. The crop was grown at the instance of 
Messrs. Stanes & Co., Coimbatore, and the produce was also sold 
10 the same company. 

The common chicory grows wild in many parts of Europe 
and India, in fields and on road sides. This wild parennial is now 
cultivated in many parts of the world, (1) to be eaten uncooked 
as a salad, or (2) to be cooked or stewed and eaten or (3) as fodder 
for cattle; or (4) for its roots which are roasted and powdered 
•ad used alone or mixed with coffee. The chicory root is long, like 
eacFot or radish, and is of a dirty brownish yellow colour outside 
and white within. The bark of the root is rather thin. The taste 
ia bitter and mucilaginous. The green root is fleshy like radish. 

, The clacory ie a very hardy plant, growing well in all parts of 
India in a variety of soils. It is a very profitable crop of both 
potiir eandy soils and richer lands. To obtain the best roots, large 
•1^ Jbshy and thick, an open situation and a rather light or 
iMtdivhit Mndy, and moderately rich soil is the best. Some 
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planters are of the opinion that the best roots are prodooed ia 
South India, at an elevation of 2,000 to 6,000 feet above the 
sea level. But Mon. Acharat, a botanist, was growing ooellenfe 
^ts in the Government gardens at Pondicherry. 

The preparation of the land for growing chicory is the same 
as for lettuce and endive. To get good roots, deep ploughing is 
good and necessary to pulverise the surface and work up to a fine 
tilth. 

Seed may be sown in the plains in August, September shd 
October. If sown much earlier, in May or June for example, many 
plants will soon run to seed. Chicory seeds look like lettuce seeds. 
The seed rate is four pounds per acre. The seeds are generally 
Sown in drills 12 to 15 inches apart. Best roots are obtained when 
seeds are sown in lines two feet apart ; the young plants should be 
thinned out to give the required spacing. The best roots are 
produced only if the plants are allowed to grow where they were 
sown, without being transplanted. The soil has to be kept moist 
by light irrigation. 

The soil must be kept open, by hoeing occasionally between 
the rows. The best roots are got with the plants grown single. 
If four or five plants grow together in one place, the roots will be 
thin and woody, and therefore inferior. If chicory is grown as 
fodder for cattle, 7 to 12 lb. of seeds per acre should be sown broad- 
cast. Some of the best meadows are thus cultivated in France 
and Lombardy. 

The crop is ready for harvest in three to four months from t^e 
date of ’sowing. The roots are generally dug up in January in 
India. Chicory is largely grown in Lahore, and other parts of the 
Punjab, and is considered there to be a very paying crop. A yield 
of about 5,600 lb. of superior green roots per acre can be obtained 
whefi the spacing given is two feet by one foot. But in many 
parts of Europe, they grow chicory about eight inches apart in the 
line, with rows 12 to 15 inches apart and the outturn ia more tiian 
double the above estimate. Besides the roots, the leaves also can 
be cooked and eaten, or fed to cattle. 

For over a century, chicory root has been used as a substitute 
for coffee or to mix with coffee. The roots are pulled up, washed, 
cut into small pieces and dried (in a kiln in Europe). 'When dried, 
the roots get shrivelled up, and w'eigh not more than one-fourth 
of the weight of the green roots. The dried roots are then roasted 
in heated iron cylinders, which are kept revolving as in oofiCee 
roasting during which process they further lose 26 to 80 per cent 
of their , weight and give off a disagreeable odour. If, while < 
roasting the root 2 lb. of butter or ghee is added to every US lb* 
of chicory, it imparts to it much of the general appearance of ooftw., 
and hnproves the favour. It is lihen hand-picked to remove 
matter and. is then reduced to powder. It is sold separati^ HI .> 
dhiooiy powder, or is added to ordinary ground coffee, and ’ 
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« co£Eee mixture. Its main use in coftee is to impart a deep brown 
'colour to the coffee decoction. 

5. Ifecaodarua (Cephoelis ipecacmnha) (Rubiacea). 

Trials with seeds of Ipecacuanha were conducted at Ootaca- 
mond, Nanjanad, Coonoor, Anakapalle, Aduthurai, Wynad and 
Siruguppa stations. Germmation was nut reported from any of 
tbs stations. But in Kallar gardens the plants were grown for 
several years but without much success. In 1936-37 one pound of 
root samples were analysed by the Medical Stores and the analysis 
.was found unsatisfactory as the proportion of Cephalin to total 
alkaloids was high. 

• 6. Jalap (Ipomcea purga) (Convolvidacece). 

A block of land in the Botanical gardens at Ootacamund which 
was cleared of jungle gnowth was fenced and a iwrtion measuring 
22 cents was j)lanted with 219 lb. of jalap tubers. A number of 
these weighed as much as a pound each and were, therefore, not of 
an economical size for planting, two ounce tubers being the correct 
weight. The tubers w'ere planted in April 1923 and the crop when 
llft^ in March 1924 weighed 1,200 lb. giving a yield of approxi- 
mately fourfold. 

When the crop was being lifted, it was noticed that there were 
many undeveloped tubers attached to the stolons, and from this 
fact, it wis presumed that the tubers should remain in the ground 
for a period of about two to three years before they are harvested. 
l*!fom the results so far obtained, there can be no doubt that jalap 
can be grown profitably on the Nilgiris. 

There has been no development in the cultivation of jalap tubers 
op a commercial basis since 1926. Experiments w’ere conducted on 
the cultivalion of this plant in the Botanic gardens on the Nilgiris 
from 1922 to 1926. Since there was no demand from the Mescal 
Store for further supplies, its cultivation was discontinued. 

7. Tinnevellv senna. {Cassia anguslifolia) {LeguminoscB). 

Tinnevelly senna has got a very good market in the United 
Kingdom. The leaves and pods are sold in London at the monthly 
Drag Auctions. The crop is grown in Tirunelveli and Tiainanatha- 
ppxam distxicts. 

(1) Soils . — Senna is cultivated on dry land, unirrigated both as 
a pore and a mixed crop and in single crop rice land as a subsidiary 
wop. Of late, however, it is also grown under irrigation from 
w^s. Bed and black loams are best suited for the cultivation 
ol ^ crop. 

. ’ I®) Seed rate . — ^Nine pounds per acre is the ordinary seed rate ; 
1^15 lb. of seed being also adopted in some places. The seed rale 
% garden land and wet land is only three to six pounds. 
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(S) Season. — ^The season for raising the crop shoold be 06 
selected that there are no heavy rains during the early stages of 
growth and very little or no rain when the leaves are gather^. 
The crop may either be treated as an annual which is tbe'practioe 
when it is raised in rice land or when raised on dry lands kept lor 
two or more years. Three months after sowing the cro^, the 
picking is taken. Thus the season for sowing senna varies accord* 
ing as it is raised in the dry land, rice land, or land under weU 
irrigation. 

Dry land crop (Tirunelveli district). — The lands are wdl 
fdoughed (two to four ploughings) in August-September and to- 
wards the end of the north-east monsoon, that is in Decembo', the 
seed is sown. One hoeing and weeding is given in January; a 
subsequent hoeing may be given a fortnight later. In about two 
months flower buds appear, which are generally nipped off so as to 
encourage leaf growth. In March the crop is about two and a half 
io three feet high when the first picking of leaves is made. The 
bottom leaves only are then collected and the second picking is 
taken about a month and a half or two months later. An inter- 
cultivation with the country plough soon after the first picking is 
beneficial. 

Very often the dry land crop is removed after two pickings. 
But if the rains are well-distributed and the thunder showers of 
April are favourable, it is usual to allow the crop to stand till the 
following December-Januaiy'. In such instances, one picking is 
taken in August-September and one in each of the succee^ng 
months. 

When the crop is intended Jo stand for a number of years, it is 
usual to sow horsegram (Dolichos hiflortis) with the rains in 
August-September after a picking is taken, or gingelly in December- 
January. Thus the ploughing given to sow horsegram or gin- 
gelly, serves as an intercultivation for the senna Crop, * 

If the north-east monsoon is heavy, leaves cannot be gathered. 

Crop under well irrigation. — After the harvest of a grain crop 
usually of ragi (Eleusine coracana) the land is ploughed and senna 
is sown. One or two waterings are given before a picking is taken. 
After the first picking, one or two irrigations are given and a good 
second picking is taken. By the end of July, the cultivation of 
senna in garden lands closes when the lands are ploughed and 
kept ready for a grain crop. 

Rice land crop. — ^As soon as the second crop of rice is harvested 
in February or March, the land is ploughed when there is stiU 
suflicient moisture for the germination of seed, and the senna 
seeds are sovm. 

Whether the ryots understand the fact or not, it is a very g^obd 
practice to grow senna, a leguminuous clop, instead of gingi^ 
which is an exhausting one. This ai^>earB to be doubled by sdoto' 
ryots, for they are of opinion that senna also is an exhausting ' 
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Curing . — ^There is no regular system adopted in the curing of 
the leaves. The day’s picking is dried in the shade; while drying, 
the leaves should be turned from time to time ; when well-dried 
they are packed in sacks. In certain villages long sheds are erected 
So dry the leaves when it takes three or four days for the leaves to 
get dry. Sun drying imparts a yellow or a brown colour to the 
leaves, while those dried in the shade are green or bluish green. 
Leaves should never be dried in the sun, if it can possibly be 
avoided. 

Yield and value . — The yield varies according to the nature of 
the soil treatment given to the land, and the crop, etc. About 
250 lb. of leaf can be gathered from an acre of dry land crop. If 
the rains are favourable and well distributed, the yield may be 
5001b. and more; in rice lands and under well irrigation, it may 
be as high as 1,000 lb. per acre. 

The price of senna is subject to considerable fluctuations and 
depends partly upon the demand for it in the European and 
American markets, upon the quality of the leaves, and on competi- 
tion among the local dealers. 

The leaves from the dry land crop are generally small but those 
from the garden or wet lands are larger and fetch a higher price. 

* 8. Ehamnus Pur.shuna {Cascara Sagrada) (Rhamnece). 

The cultivation of the species proved unsuccessful at the Agri- 
cultural Eesearch Stations of the Department. 

9. The Oamja ob Hemp plant {Cannabis saliva) {Cannabinacece). 

During 19’26-27, a preliminary study of the cultivation of 
‘ Ganja ’ crop was made at the .Agricultural College, Coimbatore. 

The crop was raised in the Central Farm, Coimbatore with 
variety Baggupad sown by the end of August. 

Germination . — Seed soaked in water for 24 hours begins to 
germinate in about 24 to 30 hours. In the field, seedlings first 
appear seven days after sowing. During germination the coty- 
l^ons are brought alwve the ground by the lengthening of the 
hypocotyledonary loop, and they function as green leaves for about 
16 days and then witW and fall of. 

A number of germination tests, showed that the percentage of 
germination of seed as also its weigh!, to some extent, decreases 

with age. 

The sex of seedlings could not be determined from morpho- 
logical characters. Flower buds were first observed 45 days after 
germination. Male buds could easily be identified and distinguished 
ueom the female ones; consequently male plants could be rogued 
put at this stage. The male flowers begin to open at abou! eight 
0 a.m.) and continue to do so till 11 a.m. In about 30 minutes 
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after the opening of the male flowers the pollen grains are eom- 
pletely shed — ^the anthers hanging down from the slender filameato 
being easily shaken even by a very gentle breeze. Folliuatioil is 
entirely brought about by wind through insects like the Mellipona 
bees which are found frequently visiting the male flowers, but they 
are never found on female flowers. 

Pollen grains remain viable for 24-30 hours after the dehiscei^ 
of anthers under laboratory conditions. 'Var.ous media were tried 
for germinating pollen grains artificially in the laboratory. Only 
ten per cenf. glucose solution in distilled water proved successful. 
The first signs of germination were observed in three hours. 

Dimensions of pollen grains and germ lubes. — The pollen grains 
are spherical bodies, pale yellow in colour, with thin walls. The 
diameter of the grains varies from 30 to 36 /x. Width of germ 
tube is seven to ten and the maximum length observed is 160 fi. 
The nou-sticky powder-like mass of pollen gram becomes shrivelled 
up in 24 hours under laboratory conditions, but they regain their 
normal shape when treated with water or dilute glycerine. 

Resin secretion. — Stalked glands on the bracts of female 
flowers could be easily seen when the plant is about 60 days old, 
though stickiness and smell are noH perceptible. Such stalked 
glands are absent in the male plants. The glands become sticky 
when the plant is about 90 days old, and the inflorescence when 
rubbed in the hand emits a soit of mango smell, characteristic of 
fresh ganja. This smell and viscidity are markedly noticed in all 
plants that have set seed as the glands which contain the active 
principle of ‘ Ganja ’ are well-developed in such plants. But in 
isolated female filants where the flowers were not fertilized the 
formation of the glands w’as jxior and the characteristic smell 
was not very perceptible. 

Types of plants. — Plants with green stems and broad leaflets 
predominate, and those with green stems and narrow leaves could 
also be seen. There wore many plants with purple or striped 
stems either with narrow or broad leaves. Apart from the colour 
of the stem and the size of the leaves, the following characters are 
interesting from the point of resin, or ‘ Ganja ’ production : — 

Type 1. — Branching profuse with the female spikes very 
compact and dense having small narrow leaves. This is the mort 
desirable type of plant for purposes of ‘ Ganja ’ manufacture. 

Type 2. — Inflorescence thick and compact but with too many 
large leaves which diminish the value of good ganja. 

Type 3. — Inflorescence lax with flowers distantly arranged. 
This type of plant naturally yields a very small quantity of ‘ Ganja ‘ 
and is undesirable. Such plants are more commonly met with in 
the purple stemmed form than in the green one. 

Seeds of the various types of plants were selected for triala. 
It may be that some of the red stemmed plants are natural hybridl 
and as such they should be discarded for experimental pnipoMli 
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To find out exactly the types that breed fcrue for the character 
selected the various kinds of seed had to be tried before fixing the 
types. 

In this connexion it will be interesting to note the importance 
of seeds which will produce female plants only. By manipulation 
in orOBsing a small quantity of seed which should theoretically give 
rise to only female plants was produced. 

Sexual expression and conversion of sex . — Besides the normal 
male and female plants, inter-sex types bearing both normal and 
abnormal male and female flowers are of common occurrence. 
Typical male plants that were drastically jiruned produced branches 
betting normal flowers of both the sexes. Abnormal flowers of 
fantastic combinations of the sexes were also found in profusion. 
Sex in ganja is undoubtedly capable of being largely influenced by 
environment and external stimuli. 

The chemical aspect of the investigations regarding the deterio- 
ration and improved methods of storing ganja was undertaken by 
the Government Agricultural Chemist, Coimbatore and the follow- 
ing is the report’. 

The investigation had its origin as a result of the inspection of 
the ganja store houses at Vetapalern and Santhavasal by the Com- 
missioner of Excise who felt tliat the loss of revenue consequent 
on the deterioration of ganja was due to tlie imperfect methods of 
storage. He made out a case irnpre^^sing on the Government the 
need for the investigation by the Government Agricultural Chemist, 
and this was sanctioned by the Government. IVeliminarv investi- 
gations had shown that the conditions of storage needed improve- 
ments in certain directions for maintaining the quality. Experi- 
ments on the evaluation of the quality of stored ganja by chemical 
methods proved undependable. Physiological methods though 
capable of measurement of the intoxication produced by ganja, 
were still incapable of giving an index of the extent of the psycho- 
logical effect on the smokers. For instance, an old sample of ganja 
which w»as found to produce intoxication in animals, was not found 
’to make a smoker as happy as he would be if he smoked a fresh 
stuff. Consequently smoking trials were decided upon as the means 
of measuring the quality of ganja under different conditions of 
storage. 

The bio-chemistry of the ganja plant was investigated. It was 
found that the resin is formed from carbohydrates, and that it is 
different from the ordinary resins in being mobile in the plant’ 
filnctioning as a reserve material under conditions favourable for 
fresh growth. There does not appear to exist any direct relation- 
ship between fertilization and resin production, > and this work does 
not confirm the usually accepted idea that fertilization and seed 
production are detrimental to resin formation. Nevertheless, the 
necessity for the elimination of the male plants was explained. It 
wodld appear from a detailed examination that! the factor respon- 
the characteristic properties of the ganja consists of volatile 
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essential oil, and non-volatile oleo-resin. Under the condihktns 
storage the essential oil rapidly volatilises and the cdeo-reslD is 
slowly oxidised by the oxidising enzymes present in the ganja osfce, 
and by air and heat. Besides, humidity also contributes to the 
deterioration of the cake. The findings of the investigations wero 
applied to storage experiments both on the small scale in the 
laboratory, and on the large scale under the store house conditions 
and it was found that packing the ganja in oil paper, and storing 
it in completely filled, tin-lined wooden boxes, is capable of re- 
tarding the deterioration to a definite extent. In addition to tile 
inevitable deterioration of ganja sooner or later owing to its inherent 
nature, and depending on the conditions of storage, there are other 
causes which may <be called internal and external leading to the 
deterioration of ganja. 

The internal causes are those arising from defective methods 
of cultivation and manufacture with which the Excise Department 
is directly connected, and the external causes are those which Me 
brought about by licensees and stock holders and salesman. The 
former can be overcome by forming a separate ganja branch just 
like the distillary branch, and the latter by the Excise Departmmt 
taking over all the business connected with ganja. 

10. Tobacco (Nicotiana tabacum and Nicotiana ruslica). 

(Tamil — Pogailai. Teluga — Pogaku, Malayalam — PogaHa, Kannada^— 

Hoge toppu. Hindi — Tamakku.) 

Production and importance . — Tobacco is a native of America 
and was comparatively unknown in India’s trade about 150 years 
ago. The crop is cultivated and valued for the sake of its leaves, 
which when cured, are used for smoking, in its several forme as 
cigar, cigarette, heedi, pipe and hookah, for chewing and manu- 
facture of snuff. It is also used for the preparation of decoctions 
and drugs required for treating certain maladies of men, cattle 
and plants. The plant was first introduced into India by the 
Portuguese towards the end of the sixteenth century. In the 
early days it was used for a long time only in the form of cigars. 
It was successfully grown for commercial purposes first in Gujerat 
(Bombay) and later confined to the Deccan for about a century 
before its subsequent expansion to tiie rest of India. Cigarettes 
which were unknown in the year 1860 are becoming increasingly 
popular throughout the world since then. 

The cultivated types of tobacco fall under two botanical species, 
viz., Nicotiana tabacum and Nicotiana rustica belonging to the 
natural order Solanacece. Of the two species the tabacum possess^ 
ing sessile or stalked leaves elongated and pointed and flowers 
coloured white or junk is extensively cultivated compared to mttee 
wUch is a hardy plant having rounded and stalked leaves and 
yellow flowers. In the cured state, the leaves of rustica have a 
higher nicotine content ranging frmn three to eight p«r cent, while 
in tabacum it seldom exoe^ fiye per cent, the lower limit b«^ 
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0\B per C5ent. In Madras, practically the entire area under tobacco 
is grown with tabacum while rustica is raised in scattered blocks 
of Hhe river islands of the Circars known as lankas. 

The present area spread of the crop is an outstanding example 
of the changes brought in by new cash crops in the general agri- 
cultural practices of the country. It is now one of the important 
money crops of the Indian peasant and the India Government 
realise annually twenty^four crores of rupees in the form of excise 
duty alone. The crop also provides large scale employment to both 
skilled and unskilled labourers during a greater part of the year. 
Madras tops the list of tobacco producing States of India with 
roughly three lakh acres under the crop and contributes nearly a 
third of the total Indian production. In Madras, the normal yield 
of tobacco is about 1,000 pounds of cured leaf per acre and the 
annual production of the State is estimated at 1-13 lakh tons. The 
eccports of raw and manufactured tobacco mainly to the United 
Kingdom amounted to about 20,000 tons valued at 5*6 crores of 
rupees during 1947-48. The district-w ar figures for the" area and 
production of Madras iState is detailed in Statement 1. 

The several cultivated varieties of Madras are conveniently 
grouped, depending on the commercial use to which the tobacco is 
put, viz., cigarette, cigar, cheroot, chewing, snuff, beedi and 
hookah. The cigarette tobacco covers both the Virginia and the 
higher grades of indigenous tobacco. The hulk of the country 
tobacco is moderate in texture and cures into light, medium or dark 
brown shades of colour. The darker grades are used for chew^ing, 
pipe and clieroot, while the light and medium grades are preferred 
for cheap cigarettes. As tobacco is consumed in several forms, the 
quality requirements of the raw and cured leaf for each of the 
categories are different. The main factors are strength, aroma, 
burning character and ash which are closely associated with smok- 
ing quality. The colour, texture, size of leaf and freedom from 
blemish are the important external characters by which the tobacco 
is judged. Colour is the most important single criterion employed 
in judging quality as it is closely correlated with several characterise 
tics which cannot be judged easily. Bright lemon yellow* for 
cigarettes, light to dark brown for cigars and cheroots and orange 
to light green for beedis, are preferred. For snuff and hookah, no 
special stress is laid on colour while for chewing tol)acco flavour is 
more important than colour. Texture which is largely associated 
with the body of the tobacco leaf indicates strength also to a certain 
extent. The thick leaves generally contain more nicotine and are 
therefore stronger than thin leaves. For cigarettes of a superior 
quality the leaf should be fine, thin and silky wnth some body but 
snonld not be papery. For cigars and cheroots, the wrapper leaf 
should be thin, smooth, glossy, pliable and free from prominent 
veins while for fillers the leaf may be medium or thick. In the 
manufacture of beedies, fairly thick leaves but not coarse ones are 
preferred. In the case of chewing toba(’>eo though tlie leaf may l>e 
of variable texture, thick and coarse leaves are generally considered 
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inferior. The leaf used for hookah is usually thick and 
Leaves of all sizes exceeding six inches in length are used tof 
cigarettes. But size is very important for chewing and cheroot 
tobacco, the larger leaves being preferred. For wrapping of 
cigars and cheroots the leaf should be large in size. Size of leaf 
however is not important in the case of ‘ fillers * , snuff, hookah 
and beedi. Strength is perhaps the most important factor in 
smoking quality. Cigarette tobacco should be mild having a nico* 
tine content of not more than two per cent. The pipe tobaccos are 
generally a little stronger. For mild cigars, the leaves used may 
have nicotine content ranging from 0 5 to 3*25 per cent. The 
common twisted cheroots of Madras are strong being made from 
leaf having a nicotine content up to 5*25 per cent. The leaf used 
for making heediea and for chewing contains 2*5 to 6-6 per cent 
with an average of four per cent while the tobacco used for hookah 
has three to seven per cent of nicotine. 

The presence of diseased patches or sponged leaf is particularly 
objectionable in the case of cigarette, cigar and cheroot but rela- 
tively unimportant in other cases. A slow , continuous and regular 
burning is important for cigarette, cigar and cheroot while even- 
ness of burning is particularly valued in cigar leaf. In all cases 
of smoking tobaccos except hookah whitish colour of the ash is 
important. Flavour or aroma is difficult to define and refers to 
the one developed when the tobacco is smokeH, and is characteristic 
of the type of leaf. From the point of several characteristics 
enumerated above N icoiiana tabacuin contains the qualities requir- 
ed for cigarette, cigar, cheroot, pipe and beedt while Nicotiana 
rustica with its high nicotine content is suitable for hookah and 
beedi. 

Varieties and agricultural practices.— The Virginia tobacco 
which takes its name after the place of origin occupies an import- 
ant place in the production of cigarette tobacco in Madras and 
India. It is cultivated to the tune of T4() lakh acre in Guntur 
and neighbouring districts of Ivrislma, East and West Godavari. 
Among the varieties, Adcock which was predominantly grown in 
earlier years has since been replaced by Harrison Special introduced 
into the area by the Indian Leaf Tobacco Development Company, 
White Burley an American type having very light coloin* and fine 
texture — is also cultivated to a certain extent in the Guntur 
district. 

In Vishakapalnam district, country tobacco is grown on dry 
lands and used for cheroots. This tobacco is browm in colour aud 
has medium texture with a mild to strong flavour. In Krishna 
and Godavari districts, tobacco is grown on islands of the deltas 
known as lankas \ Tobacco grown on the lankas of Godavari is 
very popular because of its mild, agreeable flavour and even burn- 
ing qualities and is mainly used for cheroots, while that grown on 
the lankas of Krishna river is dark to brown in colour and possesses 
strong flavour. Tobacco grown in the areas other than the tenfeoS 
in these districts is used for chewing, snuff and cheroots* Xn 
recent years, Virginia tobacco is spreading rapidly in these distrioti 



MBMOlBS OF tHB DlfiPAETMBNT OF AGBlCULTUllF, MADBAS 667 

dae to the efforts of the Agricultural Department and of the 
premier tobacco firms in the State. 

In the Coimbatore district, tobacco is grown mostly under well 
irrigation and varieties are named locally according to the shape of 
leaf, viz., Y erumaikappal (broad and large), Vattakappal (round), 
and Usikappal (narrow). Similar types are also cultivated m the 
districts of Tanjore, Tiruchirappalli, Madurai and Kamanatha- 
puram under various local names. Many of these are dark brown 
to almost black in colour and mostly used for chewing or cheroots. 
The Usikappal of Coimbatore is of a superior quality having a mild 
flavour and is used as fillers in cheroots. The best types of chewing 
tobacco grown in the southern districts are the Sivapun of South 
Arcot and Meenampalayam of Coimbatore, both of which are 
characterised by a special flavour of their own. Tobacco grown in 
the dry lands of Salem is used mamly for snuff and to a small 
extent for beedis. The periods of sowing, transplanting and 
harvest of the different tjpes m the main tobacco growing districts 
of the State are given in Statement 2. 

Tobacco grows most rapidly in warm climates although it is 
now cultivated under a very wide range of climatic conditions. 
Generally a moderate rainfall in the growing season followed by a 
dry period during processing stages are desirable. P^xcessive rain- 
fall may cause injury to the crop principally through its effect on 
jthe soil, resulting in the leaching away of plant foods in the light 
soils and waterlogging in the heavier t>pes. Production of spots 
on the leaf which brings down the quality of leaf in the case ot 
Virginia tobacco is another damage caused by heavy rams. In the 
case of other ordinary varieties such heavy downpours are detri- 
mental to the mature leaf wdiich suffers in quality through w^ashing 
away of the gums deposited on the leaf surface at that stage. 

While tobacco can be grown commercially on many types of 
soil, the range for the production of any particular type is restrict- 
ed* Under favourable conditions the plant tends to produce an 
wormous leaf area in a short period and naturally a very active root 
system is needed to support this development. The major soil 
conditions which contribute to the maximum leaf development are 
sufficient supplies of air, w’ater and plant nutrients. In the 
Madras State tobacco is cultivated on a variety of soils ranging 
from coarse sands to heavy clays. In the Soutii Kanara district, 
country tobacco used for chewing and snuff is grown on exceed- 
ingly sandy soils near the sea coast. In the southern districts it is 
grown on loamy soils under irrigation. In the Guntur area 
Virginia tobacco is grown in fertile black clay soils as a rainfed 
crop. In the Godavari and Krishna districts country’ tobacco is 
cultivated on lanka soils ranging from coarse sand to stiff loam. In 
the area around Chebrole in (3untur district, cheroot tobacco of 
V^ good reputation is grown on fertile, old village sites known as 
paU soils. Tobacco is a deep rooted crop with a wide spread of 
root system and the soils should therefore be deep and well-drained. 
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J^ch and heavy types of soils tend to make the leaves big|iw> 
thick, coarse and dark in colour suitable for chewing, cigar mierst 
etc. 

Proper rotation of the crop is an important factor aSectii^ 
quality of leaf in tobacco. Any excess of nitrogen in the soil tends 
to give a dark colour to the cured leaf. Experience in Guntur has 
shown that it should not be grown in the same field more tiuos 
once in three years and that it should not be preceded by nitX(^|eo 
fixing legumes or heavily manured crop like chillies. Cereals Bke 
sorghum, dry rice and maize are found to be the best preceding 
crops. Cultural practices along with soil and chmate play an 
important role in determining the type and quality of leaf produced. 
The spacing of the plants in the main field, the time of planting, 
time and height of topping, the stage of maturity at which the 
leaf is harvested and the method of harvesting are other major 
factors. 

Varietal introductions and trials. — ^Por a long time Madras, has 
been growing only country tobacco and it was in the year 1920 
that Virginia type was first grown near Guntur on an area of two 
acres as an emperimental measure with great success and in 1921 
its cultivation was extended to forty acres. The Guntur tract was 
found to be particularly suitable for growing unirrigated tobacco 
because the soil retained the moisture for a long time. Generally 
under dry conditions a light coloured leaf is obtained. Further 
the climate of Guntur is suitable for the air and sun-curing systems 
on account of the dry atmosphere and practically rainless period 
from January to May. Under such favourable conditions the area 
of Virginia tobacco increased by leaps and bounds, and to-day 
Madras occupies a premier place in the cigarette tobacco producing 
states in India. 

The Agricultural Besearch Station, Guntur, was opened in the 
year 1922 with the object of improving the two main crops of the 
tract, viz., cotton and tobacco. Varietal’ trials with Virginia, 
Pusa 28 and the local conducted for two seasons registered mean 
yields of 461, 476 and 487 pounds of cured leaf per acre respec- 
tively. In point of colour, Pusa 28 was found to be the beat, 
Virginia ranked second and the local had a dark brown colonr. 
The Pusa variety was however bitter in taste. In the subse^ent 
years of 1924-28, trials with exotic varieties like White Stem 
Ornoco, Adcock, Gold-leaf and White Burley were conducted. 
Gold leaf gave poor yields while White Stem Omoco did not suit 
the local market on account of its thick and overgrown Imvm. 
Adcock and White Burley' yielded on an avenge 782 and 73B 
pounds of cured leaf per acre respectively, while local gave 911 
pounds. During 1928-29 three other Russian varieties were htied 
along with the above two exotic iypee. The former did not thrive 
well, the seedlings having come to flower in the nursery ihM^< 
The variety, Harrison Special which was first introduced hy,^ 
Indian Leaf Tobacco Development Company was grown cn 
farm for the first time in 1931-52 and as a result of furthei? 
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on .this variety, a strain HS 9 was evolved in 1938. This has 
proved to be very popular, in 1913-44 Iresb seed oi seven varie- 
ties Obtained irom Canada was raised in replicated plots. Harrison 

WKiLe Marnrruftkf Yellow MammoLh, Bonanza^ Gold 
JJoilar, Duquesne, and Havana were compared with control Mb 9. 
Two of the above mentioned varieties, viz., Harrison ISpecial and 
White Mammoth were poor while the rest were on a par with 
control. 

With a view' to ascertain the quality and yield of cigarette 
tobacco w’hich the soil and climate of pariicuiar areas can produce, 
exploratory Btaiions at Vishakapatnam, J^andyal, (Juddalore, balem 
and liamanatliapuram were opened in l‘J4b with the financial 
assistance ol the Indian Central Tobacco Committee. The results 
of varietal tests at these stations during 1948-49 are summarized 
below : — 

At Yellamanchili m Vishakapatnam district where the soils are 
red, sandj on the sunace and loamy in layers below, and deficient 
m nitrogen and caleium, an acre yield of 1,112 pounds of green 
leaf giving 174 pounds ol fiue cured tobacco and 4b pounds of rack 
cured tobacco wab obtained. At isandyal where the typical black 
soil IS one of dark chocolate loam overlying a stiff yellow' clay, 
cigarette tobacco 118. 9 grown over an area of six acres gave an 
average yield of OOU pounds of cured leaf per acre. The growth 
of the crop was good and liie Hue cured leal was as good as Gunjur 
leaf in quality, colour and body. At Sendarampatti in 8alem dis- 
tiict, the soils are sandy loams, calcareous and very poor m avail- 
able phosphoric acid. An a\erage yield of 032 pounds of shad© 
cm*ed leaf was registered. 

Evolution of strains , — During the years 1922-33 bulk trials of 
some introduced varieties were conducted at the Agricultural 
Besearch Station, Guntur, the results of which are summarized 
elsewdiere in this chapter. White Burley w'as a poor yielder while 
White Stem Ornoca, though high yielding, w'as coarse and found 
unfit for flue curing, Harrison Special and Adcock combined yield 
and quality, bingle plant selections were made m these two types 
since 1932. Adcock 13 and H8. 9 were the two high yielding 
strains evolved, of which the latter was bettei- for flue curmg and 
satisfied the needs of the Guntur tract very well. It grows well 
and has the ideal type of leaf which deveiops good colour under 
favourable conditions. It also cures better, giving higher yields 
of top grades. It is claimed that this strain has covered nearly 36 
per cent of the cigarette tobacco area. 

Among the country^ varieties, broad leaf selection (Type 20) 
and narrow leaf selection {Type 16) were isolated in 1937-^ 
through single plant selection. Type 20 yields better than Type 16, 
but is not popular with the cultivators as the broad leaf of the 
former is not liked by them. 

AM . — 53 
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With a view to combine the desirable cliaracters like aroma and 
flavour of the Vii*gima variety with the higher nicoiiue content 
oi the local cheroot and beeUi types, a series oi crosses were etfected 
and continued since 40. JNo useiui results have been obtained 
so far. 

Agronomic trials and ed^perhnents . — JSo agronomic experiments 
on country tobacco have been conducted so far and the following 
trials relate only to cigarette tobacco. 

Nursery practices including sowing • — In Guntur district, the 
cultivation of Virginia tobacco has become so specialized that a 
large proportion oi the ryots depend for tlieir seedlings upon pro- 
lessional nurserymen who raise nurseries on a commercial scale 
in the coastal sandy belts covering about 1,600 acres. The seed- 
hngs grown in these sandy soils estabhsii much better than those 
from black soils due to their large fibrous root system and are 
Iherefore in great demand lor export to isellore, hnshua and Goda- 
vari districts, h'urther the nurseries in black-soils often fail due 
to damage by the ‘ damping off ’ disease. Though no specific ex- 
periments on nursery practice have been conducted it may be stated 
that, on the basis of experience gained at the Agricultural Itesearch 
Station, Guntur, good nurseries can be raised successlully on black- 
soils by adopting the following methods. A fertile, high level slopy 
land having low water table and commanding good irrigation 
source nearby is selected, ploughed well to obtain fine tilth and laid 
into long and conveniently wide beds. About three to four days 
prior to sowing the soil is sterilized by burning inflammable mate- 
rial like casuarma twigs, and the ashes are worked lightly into the 
soil. The seeds at the rate of two to two and half pounds per acre 
of nursery are mixed with tine sand and hand sown. 'J'he beds 
are watered frecjuetitly m the form of ^pray by a ro.se-can till the 
plants are about three weeks old. The seed beds may be covered 
with casuarina leaf to provide shade for the tender seedlings and 
to protect them from the beating action of heavy rains. Wherever 
the seedlings are crowded thinning is done and the plants so re- 
moved are utilized for planting the patchy areas. Ammonium sul- 
phate at about 10-20 oz, per cent of nuresery area is applied if the 
seedlings are stunted and heavily watered immediately. One or 
two hand weedings are done. If proper attention to weeding and 
control of insect pests and diseases by periodical sprayings is given 
an acre of nursery will normally supply seedlings sufficient for 
planting an area of 100 acres. The following has proved to be an 
efficacious spray mixture for control of diseases in the nursery : — 
Bouisol (colloidal copper) — 1 onince. 

Lead arsenate — \ ounce. 

Agral (Spreader)^ ounce. 

Water — 1 gallon. 

Sand culture experiment.— An experiment was started in 1941- 
42 to find out whether by mixing san^ in various proportions to 
the clayey soil, nurseries comparable to those of the sandy wfeai 
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could be raised on black-soil. The trials were conducted for two 
tieasons with live variants, viz., pure clay, 25, 50 and 75 per cent 
sand mixtures and pure sand, in both the years, the germination 
was slow in the sandy seed bed and replicated yield tests with 
seedlings raised Irum such nurseries did not show significant differ- 
ences. 

Wilting eu’ijerinicnt . — It is coiumoiily believed that if the 
tobacco seedlings are allowed to w’lit lor some time before plant- 
ing, the leaves develop better colour. An experiment on the above 
aspect was conducted for tliree seasons from 1941-42 with Vir- 
ginia tobacco. The seedlings were allowed to wdther for 0, 6, 12, 
24, 48 and 72 hours before planting and the results showed that 
the establishment of seedlings was poor if the planting was delayed 
beyond 21 hours alter lilting the seedlings from the nurseries. In 
the final yields, there were no signiricant differences among the 
various treatments. The popular belief about colour development 
was also not substantiated, siiue in tlio different years, different 
treatments showed better colour in the field. 

Soil culture , — At the Agricultural Kesearch Station, Guntur 
some ploughing experuneiits were conducted prior to 1940. But 
UH these w'ere non-repheated tests no valid conclusions could be 
drawn. An exjicrimcnt with the objtct of determining the best 
possible [ue-culti\ation lor Viiginia tobacco was started in 1940 
and the variants tested were (a) four ploughings, guntaka twice, 
and gorru twnce, ih) (jcrru twice and gnufaka twice, (c) ploughing 
twice and gorru twic^*, {d) ploughing twice and guntaka twice, (e) 
two ploughmgs only, gorru twice, guntaln twdee ; (/) and no plough- 
ing. In all the three \ears of trial the maximum cultivation 
adopted in the first treatment ga\e the highest yield. 

Manuring . — The results of experiments wdth green manures 
jnllipesara, teegapesara and c<nvpea, with and without phosphoric 
acid were not consistent. 

Maniiri'il tests wdth artificials were conducted at the Agricul- 
tural Research Station, Guntur during the years 1928-34. Ammo- 
nium sulphate, sulpliate of potash and superpliosphate at one cwt., 
50 lb. and one cwt. respectively and at double these doses, with 
and without a basal dressing of cattle manure were the variants 
tested. The application of cattle manure W’as done in two ways, 
VIZ., 12 tons per acre at one dose for a three year period or at four 
tons per acre every year during the three years. There was no 
difference between these two methods as judged by the crop res- 
ponse. The fertilizers in double doses were significantly better 
than the corresponding single doses. The highest increase w’as 
obtained in a combined application of nitnogen, potash and 
phophoric acid, the increases ranging from 18 to 22 per cent for 
the single and double doses over the control plots manured at four 
cart-load.i of cattle manure per acre applied every year or 12 cart 
loads applied once in three years. 
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This system of export of tobacco under guaranteed grades has 
created a good reputation for the quality of Indian tobacco in 
export markets and favourable reports have been received from 
foreign importers. 

Tobacco seed-oil and cake , — ^It is only the country tobacco that 
is generally topped to make the leaves grow bigger, thicker and 
more pungent while Virginia type, on the other hand, is allowed 
freely to flower and set seed to facilitate development of leaf quali- 
ties desirable for cigarette tobacco. No attempt, however, is made 
cn the part of the grower to collect the seed from the latter and 
the dried stalks are usually burnt along with the capsules. Cattle, 
goats and sheep also feed on the capsules and the seed impercepti- 
bly finds its way *to the manure pits thus acting as a serious source 
of colitaiiiination of the nursery, rreliminary estimates of pro- 
duction showed tliat the Virginia tobacco seed thus produced and 
wasted was not inconsiderable and that an extra income of Es. 25 
per acre could be realised by proper collection of the 150 to 250 lb. 
of seed produced per acre. The seed contains 25 to 30 per cent, 
of oil as compared to about 40 per cent, in the case of gingelly. 
The tobacco seed oil looks, smells and tastes like gingelly oil with- 
out any unpleasant taste or flavour. 

In 1944-45, work w^as initiated under the auspices of a special 
scheme to explore the economic possibilities of tobacco seed oil. 
Small scale trials of extraction of oil were conducted adopting three 
methods, viz., hot water process, country chekku and screw press 
system adopted for the extraction of casW oil. In the hot w^ater 
process the seeds were crushed in a flour mill and boiled w'ith w-ater 
in the ratio of 1 : 5 by weight in an open pan and supernatant oil 
decanted after cooling and Altered. Tn the case of chekku extrac- 
tion, both powered and non-powdered seeds were crushed sepa- 
rately in two wooden chekkus drawm by bullock power. The per- 
centage of extraction and quality of oil w%as same in both the cases 
though a saving in time of extraction by 20 per cent, was observed 
in the case of powdered seeds. Tn the screw press system the 
method usually adopted for the extraction of castor oil was followed. 
The results disclosed that the maximum extraction of 21*5 per cent 
of oil was recorded ijn the case of country chekku and the cake 
obtained was soft and relished well by rattle. The hot water 
process gave 16 per cent, oil and the cake had much of oil in it 
w^hile the screw press gave hard c.ake not relished by cattle with 
an oil extraction of 16*8 per cent. The seed cake analysed five 
per cent, nitrogen, 1*6 per cent, phosphoric acid and Tt5 per cent, 
potash. It was tried both as manure and as cattlefeed. Feeding 
trials of tobacco seed cake With work animals at Guntur and 
milrh cows af Coimbatore disclosed the suitability of the same for 
replacing other cakes in the feed without any adverse eflFect bn 
the weight, health or milk yield of* the animals. Mamirial tests 
revealed that the cake was asr efficient as groundnut cake if applied 
in sufficient quanlitice to supjly an equal dose of nitrogen. The 
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oil was found to be free from nicotine or other harmful substances. 
It could be used for edible purposes as also for burning lamps. 
It was also found effective as an intiecticide on caterpillars and 
8emi-looi>ers. It formed a good base for the paints and varnishes 
and was useful in the manufacture of soaps. The production of 
t(»bacco seed, oil and cake on a commercial scale however remains 
jet to be taken up. 

Seed muliipUoation and distrihution . — Quality of leaf is of 
great importance in the valuation of Virginia tobacco and this can 
be kept up only bj^ the use of pedigree seed of reputed quality. A* 
scheme for the production and distribution of pure seeds of Harri- 
son Special No. 0 was started in 1939-40 and operated till 1947. 
Under this scheme seedlings for the seed-farm area were raised 
at the Agi’icultural Research Station, Guntur and supplied to the 
ryots at contract rates. Roguing of the seed-farms was done under 
Departmental supervisjon and the ryots were paid the propor- 
tionate value for the number of plants pulled out. The harvesting, 
threshing and cleaning of Ihe earheads were done at the cost of 
Government and the growers paid at Rs. 10 per acre for such collec- 
tion of seed. The following quantities of seeds were produced and 
sold under this scheme in recent years, viz., 7,071 lb. in 1944-45, 
^<,97^> lb. in 1915—10 and 8.622 lb. in 1946-47 with the result that 
the dei>artrnentnl seed had become extremely popular in the 
tract. 

Part played by the Agricultural Research Stniion, Guntur, in 
Tobacco Research . — Tlie chief centre for tobacco research carried 
on by the department is the Agricultural Research Station, Guntur, 
representing the typical hlacksoi! area of the tract, opened in the 
year 1922, The introduction of new varieties suitable for ciga- 
rette tobacco was the earliest item of work taken up at the station 
and as a result of large scale trials, varieties Adcock and Harrison 
Sfiecial w^ere found suitable. The next step was the evolution of 
two high yielding strains, Adcock 13 and HS. 9 as a resul? 
of breeding research. In coiintrv tobacco strains T 16 and T 20 
were evolved. The Virginia tobacco sTrain HS. 9 has proved to 
be verv popular and it is estimated that it covers nearlv 95 per 
cent, of the area under Virginia type. The manurial tests con- 
ducted at this station have given useful results. 

The Indian Central Tobacco Committee — Tts genesis and 
contribufion . — The trials on a commercial scale to produce ciga- 
rette tobacco was first made in fhe Guntur district bv the Indian 
Deaf Tobacco Development Company. For the past two decades 
this agency has also been carrying on experimental research on 
cigarette tobacco and advising growers wnth regard to crop rota- 
tions, cultivation, use of manures, etc. Since 1936. the Indian 
Council of Agricultural Research had initiated a scheme for co- 
ordinated research on cigarette tobacco in co-oneration with the 
Indian Agricultural Research Institute, New Delhi. The Tobacco 
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Research 8ub-StRtion opened at Guntur in the year 1936 has been 
carrying on research undw the above auspices. 

Shortly after the imposition of the excise duty on cured tobacco 
in 1943, the Government of India decided that non-lapmable grant 
of ten lakhs of rupees per annum be given to the Indian Council 
of Agricultural Research for the improvement of the production 
and marketing of tobacco, pending the establishment of a Central 
Tobacco Committee on an All-India basis. The Indian Central 
Tobacco Committee was set up in 1945 with functions to assist 
,the development and improvement of the production and market- 
ing of tobacco and its products and all matters incidental thereto. 
A Central Tobacco Research Station opened in Rajahmundry since 
then has drawn up a comprehensive programme of work. The 
Committee has also opened one of its Research Stations at Veda- 
sandur in Madurai district, with the object of growing wrapper 
tobacco. 


Betel Vine {Piper Betle) (Piperaceae). 

Betel vine is a perennial, dioecious creeper, climbing with Ibe 
help of advenlitious roots produced at the swollen nodes. It is 
extensively cultivated for the sake of its leaves which are chewed 
with arecanut. The leaves are ovate, oblong or ovate-cordate, 
petioled, five to seven ribbed, smooth ■with an entire margin and 
acute tip. 

The method of cultivation of betel vine varies in different 
places; the cultivation is also' difficult as the crop requires an 
equable temperature, uniform degree of moisture and much atten- 
tion. The plant is propagated bv cuttings which are grown under 
the shade of speciallv constructed sheds of grass, reeds, or mats 
having a flat roof which admits a diffused light. The plants are 
trained on live standards grown in parallel rows so that one can 
easily pass through in between. Sometimes the vines are culti- 
vated under the shade of trees, verv often the arecanut palm or 
other trees specially grown as the standards. In the south, 
Seshania prandifora plants are grown in compact blocks to serve 
as standards. 

The channels are dug and filled with water once in four davs. 
The plants begin to yield when nine or ten raonihs old. and there- 
after a picking is given every month. The plantation lasts for 
three years and during the period 5,000 paloqais of leaves (apslogai 
contains 2.000 leaves) can be expected per acre. 

Betel cultivation was taken up by the department at Vellalur 
Experimental Station : the Governmenf Agricultural Chemist, 
Entomologist and Mvcologist, investigated the helel vine diseases 
and the following is the report : — 

As early as the year 1911, the attention of the department was 
drawn to the fact, that the cultivation of betel vine was steadily 
on the decline in the important betel growing villages in the Noyyal 
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valley, vis., Singanallur, Vellalur and Sulur owing to the poor 
returns of the crop. The deterioration of the vines was popularly 
ascribed to the presence of earthworms in the soil. After some 
investigation, it was concluded that the deterioration was pri- 
marily, if not entirely, due to bad drainage. So persistent was the 
belief of the ryot in tlie alleged evil effects of earthworms that 
the Agricultural department thought it worthwhile to go into 
the question thoroughly and ascertain the exact role of the earth- 
worms. The betel-vine-station at Vellalur (Coimbatore district) 
was opened and investigations were started in the year 1924 con- 
jointly by the Government Entomologist, the Government Agri- 
cultural Chemist, the Government Mycologist and the Deputy 
Director of Agriculture, VITI Circle. 

Laboratory investigations along with inoculation trials have 
definitely shown that no specific fungus was directly responsible 
for the * deterioration ’ disease found at the Vellalur station but 
various fungal organisms invaded the ))lant, when it was in a 
condition of low vitality due to other causes and hastened its death. 
Improving the drainage, by raising the beds on which the vines 
were planted resulted in improvement of the soil culfure and mini- 
mised attack by fungi. 

The effect of eel worms on the crop was also studied as there 
was a local belief, that these w^re lesponsihle for the lowered vita- 
lity of the vines, which were found to develop knofs or nodules, 
with colonies of nematode on the roots. Actually neither fungi 
nor eel worms are responsible for the unhealthy condition of the 
crop, but the factors respcmsible for the poor crop were also favour- 
able for the develo])menf of fungal organism and for the breeding 
of eel worms. 

So far as can be ascertained by experiments at Vellalur, the 
prime factor that is responsible for this lowered vitality seems to 
be bad drainage and this is confirmed bv the fact that the low- 
Iving porfions of the field showed greater number of casualties 
tlian the other portions. 

Plants as source of insecticides. 

(Tephirosia vogelii) (Leguminosae ), — Seeds of this plant were 
obtained from the Superintendent of Plantations, Tanganvika 
Territory in ,Tuly 1939 and were tried at Goonoor, Kallar and Tali- 
paramba. The seeds germinated and established well at Coonoor 
and Kallar. 

Tephrosia vogeUi yields the common fish poison of tropical 
Africa, and it is also an efficient insecticide as effective as nicotine 
sulphate. An infusion of the leaves can be used for the purpose. 

In February 1941, the Government Entomoloerist prepared the 
infusion of the leaves as per the following proportions and tried it 
on caterpillars and obtained good results. There was 92 per cent 
mortality of caterpillars, 
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A water extract of the leaves was prepared at the g^ngth of 
half a pound of leaves to three gallons of water and to this half an 
ounce of soap for each gallon of infusion was added. The extract 
thus prepared was effective, but it was found to be ineffective with- 
out the addition of soap. 

The seeds of the plant are reported to be very toxic. An infu- 
sion of the seeds was prepared using one ounce to one gallon of 
water and tried against mealy bugs, Pseudococcus virgatus, on 
Oauzuma tomentosa with and without the addition of soft soap 
at one ounce per gallon. The infusion alone caused 32 per cent, 
mortality in the case of the adults and 26 per cent, in the case of 
the nymphs, while in combination with soap it caused 33 per cent, 
and 45 per cent, mortality in the case of the adults and the nymphs 
respectively. 

Pykethrum {ChTysanthemum coccivcum) {Compositae). 

PyretliTum — Its cullivaiioii and uses. — Pyrethrum is well- 
known from early times for the insectii idnl properties of its flowers. 
It is finding increasing use in anti-malarial work all the world 
over in view of its iion-toxic-nature to human beings. The world 
demand for pyrethrum is now met mostly by Japan and Kenya 
highlands where it is cultivated extensively. The demand in India 
is at present met by imports chiefly from the two countries named 
above. With a view to introducing pyrethrum cultivation in India 
the Indian Council of Agricultural Eesearch has been supplying 
[lyrethrum seeds to different States. With these seeds attempts 
were made to grow pyrethrum in Coimbatore. Nilgiris and Yercaud 
hills in the Madras State. While it did well on the hills it failed 
to establish itself at Coimbatore. In view of the successful culti- 
vation in the hills, it may be possible to cultivate pyrethrum exten- 
sively in the hills and meet the demand in India by local produc- 
tion. 

Cultivation . — The plant can be propagated both by seeds and 
bv suckers. Sowing is done preferably in the warm months, i.e. , 
March, in well-prepared beds, the seed rate being half a pound to 
plant an acre. Seeds take nearly two to three weeks to germinate. 
Seedlings are fit to be planted out in July, four months after 
germination : planting is done 18 inches apart each way in a pre- 
viously prejiared field. Subsequent operations consist of weeding 
and general care.' Flowers begin to appear 36 months later and 
are then plucked at intervals of a week. The ripeness of flowers 
for harvest is indicated by the flattening of the petals and opening 
of two or three outer disc florets. The yield of dried flowers 
estimated at roughly 400 lb. per acre. 

Flowers are destalked and are dried in thin layers for a few deys 
tin they -become crisp and cromble to the touch. Thev are then 
stored, in suitable containers to prevent loss of insecjicidel 
perty which would otherwise occur. 
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Cultivation of the pjTethrum was taken up in the Nilgiris, 
the Shevaroy hills and Kodaikanal on a tairly large scale by the 
Forest Department. A number of planters had also taken to this 
crop. 

Uses , — The flowers are usually ground to a fine powder and 
used as a dust against soft bodied insects. Pyre thrum can also be 
used in sprays with equal advantage. The value of py rethrum in 
anti-malarial work is considerable. Kerosene extracts are pre- 
pared by soaking a pound of coarsely ground flowers in a gallon of 
kerosene oil and diluting it with an equal quantity of kerosene 
after extraction. The extract is then sprayed in any required 
place against mosquitoes. 

Pyrethrum is the clnef ingredient of the mosquito coils sold in 
the market ; they are found to act as efficient deterrents against 
mosquitoes, when burnt. 


Derris Ei.upTicA (Leguminosae). 

This is a climber; the lea\es are odd-pinnate, long petioled, 
leaflets nine to 13 inches large, sub-conaceous, obovate to oblong; 
branches densely clothed with brown pubescence. Inflorescence is 
a lax, elongated raceme. 1'he flower has a broad, densely silk 
calyx, and tlie corolla is bright red : pod is narrow. 

Denis is considered efficacious both as a contact and stomach 
insecticide. The toxic principle Rotenone is contained only in the 
roots of the plants which are known to {possess not more than four 
per cent, of Eotenone content at the highest. Derris can be used 
with advantage both as a dust or in solution as a spray. 

Preparation , — The roots are harvested at the end of the 18th 
to 24th month after planting. Care should be taken to see that 
the smaller root.s are not lost. Harvesting is done by first cutting 
the stems to the base and then the roots are lifted in a clump with 
a fork. The rooKs have to he cleaned wtU but w’ater should not 
be used for the purpose. The cleaned roots are cut into bits of 
one foot length and dried for seven to ten days in the shade till 
they begin to break when bent. Then they are bundled up and 
preserved in containers for future use. 

Use — (a) As a dust . — The dried roots are finely pulverized and 
then mixed with an inert material like wood ash in the projxirtion 
of 1 : 6 by weight and then dusted on the foliage infested with 
caterpillars and plant lice. 

(b) In aqueous sohition as spray , — Derris nwts can be 
mashed to a pulp in water and then made up to the required quan- 
tity of water in the proportion of one pound to 15 to 20 gallons 
of water to which two pounds of soap is added to improve the 
spreading nature of the fluid. It can be sprayed in this propor- 
tion with good results for the control of caterpillars, thri]^, plant 
lice, etc. 
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A few cuttings of Derris elliptica were obtained from Mysore 
planted in the Insectary compound, at Coimbatore. These 
l^aove well and from them, cuttinsrs and layers were raised and 
distributed among the agricultural stations in the State, at Tali- 
paramba, Nileshwar, and PiUcode in the West Coast; Palur in the 
East Coast, Hagari in the Ceded Districts and Samalkot in the 
Circars. The plants caflae up well. From the experience gained 
at the Insectary and the Agricultural Stations, and from the ease 
with which the plant is reported to grow in Travancore it is cer- 
tain that the plant can be cultivated on a large scale if only enough 
planting material is available. 

Stink Grass {Melinis minutiflora). 

Stink grass has been reported to ward off mosquitoes and 
snakes. To verify the belief an experiment was conducted at 
Mettupalayam near Coimbatore and it proved that the grass had 
not got the property of either warding off of mosquitoes or snakes. 

Other csefot, plants. 

Eriodendron pentandrum. 

Kapok (Malvaceae). — The fine cotton like fibre known as 
‘ Eapok ’ is now familiar to everyone from its widespread use as 
stuffing material. The term ‘ Kapok ’ has been used for the pro- 
duct of a number of trees but it should be restricted to the floss 
of Ceiha pentandra. This tree which belongs to the family Bomha- 
eaeeae attains a great size under natural conditions but in culti- 
vation it is usually seen as a slender tree not exceeding 50 feet 
in height. It has a very characteristic appearance producing hori- 
zontal branches arranged in tiers. It sheds its leaves in the dry 
season. The flowers appear just before or at the same time as 
the new leaves. The fruit is a more or less oblong capsule about 
six inches long and two inches in diameter at its greatest width. 
In ripe pods the hairs are detached from the inner carpellary walls 
and their separation is very easy. 

The chief use of Kapok is for stuffing life-belts, cushions, 
pillows, mattresses and similar articles. It is well adapted for 
this purpose on account of its lightness, springy and resilient 
nature and its non-hygroscopic and non-absorbent characters. 

Kapok seed is rich in oil and in many countries where the floss 
is prepared for local use, the oil is expressed from the seed and 
employed for cooking and other purposes. In general characters 
the oil resembles the cotton seed oil. After refining, it can be 
employed as edible oil and it is also suitable for soap making and 
other purposes for which cotton seed oil is used. The residual 
cake left after the expression of tdie oil forms a fairly good feeding 
stuff for livestock. It is somewhat inferior to cotton seed cake 
and it is believed to he used principally as an ingredient in nena- 
pounded feeds. The cake is also rich in constituents of manurid 
value. 
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A suitable climate is the tirst essential to the successful culti- 
vation ol the ivapoK trees. Aiinougu luund m a wild or senu- 
wild state Irom sea level up to an aniiude ol b,UO'J or even 4,UUU 
feet and more, tne tree gives oesi yieia and quality ol Bore wUen 
grown at elevations less tnaii i.ouo leei above tne sea level. It 
can withstand slight Irost, but low temperatures hinder the growth 
of the tree and the development ol me hbre, and from a com- 
mercial point of view culuvation should be attempted only m the 
tropics or m certain parts of sub-trupical countries. As regards 
raiulali, the tree llourisiies under wide range of conditions. It 
reaches its greatest size in the tropical ram lorests of West Africa, 
but at the same time owing to its deciduous habit it can resist long 
{leriods ol drought. The ideal conditions are abundant rainfall 
dui'iug the growing season and a dry period from the time the 
Uowers are setting and until the pods are harvested. 

Soil . — A well-drained soil is necessary for the proper growth of 
Kapok. It flourishes well in a deep, sandy loam. JLand inlested 
with white ants should not be used for Kapok, as the tree is very 
susceptible to the attacks ol these insects. 

Propagation . — The tree is easily propagated from either seed or 
cuttings. Plants raised Irom cuttings come into bearing somewhat 
earlier, but, on the whole, the general opinion is m favour of 
propagation by seed. About six pounds of seed should be sufli- 
cient to plant up iW acres. The seed is sown in nurseries some- 
time.s in rows ten inches to twelve inches apait in raised beds or 
as recommended in the Phihppiues in “ hills ” about six inches 
apart. The nursery must be carefully prepared, the soil manured 
beforehand, if poor, and kept well weeded. In dry weather water- 
ing may be necessar} . As soon as the seed has germinated which 
takes only a few days, the seedlings are sliaded until they are about 
five or six inches high when they must be exposed to the sun. 
If the plants do not obtain plenty of sunslune, they grow thin 
and lanky. At this stage the seedlings should be thinned out 
six inches or nine inches apart. When sown on hills or mounds 
only one seedling should be allowed to each hill. The young plants 
grow very quickly and when six to twelve months old they should 
be transplanted in their permanent site. When grown as a pure 
crop in plantations, the seedlings should be placed about 18 feet 
apart. The seedlings when removed from the nursery should be 
topped and ail leaves removed. While lifting the plants, the roots 
must not be damaged and planting up must be done immediately. 
If possible, transplanting should be done during rainy weather. 

Kapok trees usually begin to bear in three or four years after 
planting but the yield at first is low. Seven years old trees will 
yield 350 to 400 pods and ten-year old trees 600 pods or more 
per year. The yield of cleaned floss from the pods varies some- 
what, bui on the average, it may be taken that 100 pods will 
yield a pound of deaned floss. On this basis an acre planted wiUi 
132 trees (18 feet x 18 feet) would yield about 800 lb. of floss. 
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Liittle rice (Ghcnopodium quinoa) (Chenopodiaccae ). — Little 
nee 18 clauued to be a food crop which thrives at higher altitudes 
aod which can withstand frost. It is a native of Chile and ir’eru. 
il.is. reported to liave iiiglier percentage of protein and fat than 
cereal grams. It is also considered to be a good green manure crop. 
A small quantity of seed was obtained from Jvenya and tried at 
the Agricultural iiesearch btation, hlanjanad, with an altitude o£ 
7,200 leet, but no germination was noticed. 

Tung oil (Aleuntes fordii) (Euphorbiaceae).--Tuag oil tree is a 
native of China. The seeds yield a drymg oil known as Chinese 
varnish or tung oil and it is also called Chmese Wood oil, as it la 
used to coat boats and other wood works. It diies within four 
hours. The tree dowers at the end of May or the beginmng of 
June and the fruits ripen in cold weather. Each fruit has lliree 
to five seeds and they contain about 36 per cent, of oil. It is 
ordinarily expressed by cold pressing. 

. Usei -. — The oil is used as a base in paint manufacture. It is 
also used as a varnish for lacquer work. 

There are five tung oil trees in Sim’s Park, Coonoor. Two of 
the big trees are dowering regularly every year but the fruits are 
dropping off before they mature. JFour plants were sent to the 
Agricultural Research Station, Taliparamba, for trial, out of which 
two plants died and two are surviving. 

Indigo (Indigofera anil 1 Sumatram) (Leguminosce). 

Summary of the position of the indigo in Madras . — The normal 
area under indigo in the Madras State was 110,000 acres before 
1917. The area decreased in later years consequent on the import 
of synthetic indigo. In 1913-14 it was as low as 55,000 acres 
but in 1914-16 there was a return to 71,680 acres, and in 1915-10, 
222,000 acres were sown and in 1916-17 , 460,00<J acres. At 
present very little natural indigo is manufactured in the State. 

When the supplies of synthetic dyes from Germany were cut 
off due to war, the demand for natural dyes became universal. 
The Government of India appointed an oflScer in 1916 with head- 
quarters at Pusa to make investigations of possible improvements 
in the manufacture and standardization of the indigo dye and the 
desirability of marketing the natural indigo in a form suited to 
the requirements of users. The Government of Madras appointed 
in 1917 Dr. Marsden of the Industries Department to undertake 
in. this State the investigations of the methods of manufacture 
followed by the ryot and for s'lggesting improvements in than; 
for enquiring and, if possible, reducing adulteration and generally 
to report upon the then existing conditions. 

Madras was then the most important indigo producing State 
next to Bengal. Export of Indigo from Madras, was about 50,000 
cwte. per annum valued over a orore of rupees. The chief marketi 
for Madras Indigo were Egypt and Japan, and only some 
qualities were e^rted to Boro^. . 
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The chiei indigo growing districts were South Arcot, Cuddapali, 
hJellore, buntur, Jiyurnooi, bliingieput, iuisnna and Visakuapat- 
aam. Ihe ciiiel ixiaigo ixiarEeis were in ±"ruaaaiur m Luaucipah 
district and m iVXaaias Uiiy. it was ilien reanzea that the pro- 
duce tiom the iS chore district and the districts surrounding Madras 
was the best, being ui good average quality and tree irom adultera- 
tion. 

The Lankas of the Godavari district yielded a medium quality 
of indigo while that troiii the Ceded Districts was very variable in 
quality. South oi Madras the produce was m general of low 
quality. 

Cultivation practices oj indigo tn the State tn vogue in IQlfa. — 
indigo IS, in general, sown as a dry crop; but in some locahtiea 
It IS sown on garden and even in the wet lands; the ryots know 
perfectly well that although the plant grows much more luxuri- 
antly in the latter condition the dye content of the leaf is high 
m dry land crops, in dry land, the crop is sown mixed with 
other crops like ragi, mustard and gingelly. The general period 
of sowing IS December-January. The hrst cutting is taken m 
about three months, lollowed at intervals ui about two months 
by the second and the third cutimgs. in Nandyal division the 
seed is taken from the second crop, and the dye from the thurd 
crop, while m Godavari the seed is taken from the first crop, and 
the second cutting is taken for dye manufacture. 

Throughout the State only one species, viz., Indigojera suma- 
trana was cultivated. The trials made by the Agricultural De- 
partment k) grow’ the Java-Natal variety of indigo proved 
unsuccessful. The seed which throughout the Slate was looked 
upon as the be.st was that obtained from the Nandyal division of 
the Kuniool district. The next best w’as from the Lankas of the 
Godavari. In a few places seeds obtained from Cawnjxire were 
also sown. 

Land intended for imligo was generally manured either by 
penning sheep or goats or by means of farm-yard manure to the 
extent of ten cart-loads per acre. 

The average yield of a good crop w’as about nine to ten thousand 
pounds of green stuff per acre, and the second cutting ten to 
twelve thousand pounds. About *25-30 lb. of indigo dye is the 
yield reported to be obtained from 5,000 lb. of leaves. The Saida- 
pet Farm records showed that the crop from one acre, produced 
12,000 lb. green stuff and its yield of dye was 50 Ib. 

Methods of Indigo Dye production and manufacture then pre- 
valent , — The extraction of indigo from the plant is carried out in 
vats of brick coated with cement, rectangular in shape but in 
Godavari the steeping vats are cylindrical. The usual capacity of 
rectangular vats is about 500 to 600 cubic feet, while the cylindri- 
cal vats had a capacity of 150 cubic feet. The steeping vats are 
built at a higher level than the beaters, so that the steeping liquor 
ftbws frbm the former into the latter by gravitation. 
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Filling . — Wheo ready, the plant is cut about fcmr incheB from 
the grouad, tied into bunches and transported m head-loads to the 
vat wttere it is stacKed (as tar as possioie) m the shade. Cuttang 
is carried out in the early morning and the hilmg ol the vats may 
commence at about 10 a.m. or be delayed until early afternoon. 
The tilling is done by opening out tlie bundles and placing a layer 
(the shoots lying all in one direction; upon the floor of the vat. 
Each succeedmg layer is placed m the alternate direction until the 
vat IS sutflcientiy full when hght bamboo sticks or mats are placed 
upon it; poles which reach across the vat are laid upon these, 
about three feet apart and the whole contents of the vats are then 
compressed by two heavy blocks of timber which are levered down 
and held in position by pins passing through holes m the stanchions 
fixed in the walls of the vat. Water is then run in until it stands 
just above the level of tlie plant material. 

Steeping . — ^In three to four hours signs of fermentation ore 
seen, and this goes on increasing until the surface of the watw 
is covered with troth formed by bubbles of escaping gas, and when 
this froth commences to subside, it is taken as an mdication that 
the fermentation has ended and the steeping liquor is ready to 
be run off. This may be in 14-16 hours from the time of filhng, 
but the vat is usually drained for beating at daylight the followmg 
morning. The steeping vat is then cleaned and prepared for filling 
with fresh leaf and only then is the beating or Eeration of the steep- 
ing liquor in the next vat proceeded with. 

The officers of the Agricultural Department have pointed out, 
by leaflets and by word of mouth, that delays are not conducive 
to the production of high quality of indigo, that a steeping of 12 
hours under normal conditions is to be preferred, and that all delay 
in proceeding with the beating process should be avoided as leading 
to the destruction of the dye. 

Beating and boiling . — ^Indigo blue is produced from the steep- 
ing liquor by aration but there are slight variations in differoit 
localities in the way in which it is carried out. In South Aroot 
and around Madras, flat, circular pieces of wood are tied firmly 
to the end of bamboo sticks about five feet long to form p^d l <»» 
and, standing in the vat in a rough circle the beaters dash the 
surface liquor agamst the walls of the vat, or facing towards the 
centre get a ' Swing ’ on the water so that the waves meet in 
the centre and the spray dashes up above their beads. In Guntur 
and Krishna the beaters gradually move round the vat dragging 
the face of the raddle through the water with semi-circular sweeps, 
whilst in Yisakhapatnam district the water is dashed against the 
vat sid^ and into the centre by sticks to which are fastened diort 
cross-pieces of wood which are vigorously plunged almrat hori- 
zontally along the surface of the liquid. 

Undw the influence of the ssraticm, the yellov^^ green flwtlee- 
emg liquid rapidly changee in colour to a doll green. 4 *^ 1 *% 
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.fo^io ij&.pr.oduoeU md beating ib continued until the liquid becomet 
,dark in coloiu*; then a little quantity ol the hquor is tuKen out on 
^ plate and the mdigo is. seen to oe well granulated ana separating 
readily 1‘foni the water. A little gingeily oil is now sprayed over 
the surface to kill the foam, and any scum wiiicii remains is re- 
moved from the surface and the hquor is left to settle, it takes 
irom two to two and a half hours to complete the beating and il 
eJl goes well and tlie mdigo separation is good, the topmost plugs 
pf the vat may be o|iened m about three hours and the surface 
hquor drained away. To assist settling it is usual in the south of 
Madras to add a few' buckets of clear lime water to the beaten, 
liquor just before the men leave the vat, but elsewhere the general 
practice is to add an infusion of the bark of the jarnbolana tree 
{Syzigiiim jambolanum). The plugs m the w^ell of the beating vat 
are successively opened until all the clear liquor is drained away 
or indigo sludge begins to flow. The thin sludge is then trans- 
ferred by means of buckets to the boiling pan (a conical iron or 
copper pan set in an earthen fire place) and there boiled over an 
opfen fire. 

Draining and preaning , — After boiling, the indigo sludge is 
buckelted on to the draining table — a thick cotton cloth supported 
upon sticks in a rectangular trough. Until the pores of the cloth 
are closed, the liquor which filters through is blue in colour and 
returned to the table until the filtrate is clear. When the boiler 
has been emptied and no more hquid will drain from the table, 
the filtering cloth is lifted at the edges and the mdigo paste scraped 
towards the centre, bC'ooped into buckets and taken to the press. 


The press box is a wooden frame made of thick, well seasoned 
planks. It has (o with>land considerable pressine; so the ends 
of the side planks are bolted together by iron bars threaded at 
the ends of and fitted with nuts. These side planks are perforated 
with numerous holes and rest upon a board similarly perfoniied, 
thus forming a stout box. A cloth being evenly laid in this, the 
indigo paste from the draining table is transferred to it until the 
frame is full, when the ends of the cloth are laid evenly over the 
surface and u board which will pass inside the frame is laid on 
the top; the press itself consists of strong frame (upon which the 
press box rest^) with two upright threaded iron stanchions passing 
through a heav}’ wooden beam. Blocks of wood being placed be- 
tween this frame and the cover of the press box, nuts working 
on the stanchions are slowly and evenly turned and the contents 
of the box are compressed, the water remaining in the paste 
Escaping through the perforations. The pressure is gradually in- 
<^eas6(! until no more liquid can be expressed; then, after some 
tittle the press is opened up and the slab of moist indigo is trans- 
ferred, to the cutting table where it is cut by a wire into cubes 
which are transferred to a drying room and there slowly dried; 
when dry, they form the indigo cakes of commerce. 

A-M,— 64 
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Cost of cultivation.— The cost of coltivatiou for dry laud seems 
bo be about JrCs. 15 per acre and the yield of leaf therefrom valued 
ae Kb. 3U-45 per cutting. The cost of manufacture is from 
tts. 10-T2 per vat and the yield of dry indigo may be placed at 
about one XMadras maimd of 25 lb. per acre, per cuttmg. With 
mcUgo at Ks. 40 per maund the return from seed at about Ks. 18 
and the value of ‘ Seet ’ or refuse from the steeping plant at Ks. 6 
^rupees six), the return works out at Rs. 35-40 per acre. The 
price of mdigo at Rs. 40 per Madras maund in the hrot instance 
seems to be about the lowest at which the ordinary ryot here would 
continue to grow indigo. 

Marketing features then m vogue . — The usual practice is that 
local merchants purchase the produce from the ryot and grade the 
indigo into various qualities and dispose it off to larger merchants 
or snippers in centres like Proddatur and Madras. The grading 
of indigo and price offered is generally determined with reference 
to the specihc gravity, colour, nature of fracture, porosity and the 
appearance when scratched with fingernail. However, it is only 
the produce of the Visakhapatnam district which is forwarded 
direct to the manufacturers in this State who forward it to the 
agents in Calcutta who ship it to England for sale. 

Conclusions and recommendations made. — Dr. Marsden, con- 
cludes for reasons stated : (i) that improvement of the indigo plant 
in this State can only be made by natural selection or by the intro- 
duction of some other species capable of yielding a greater amount 
of colouring material; (ii) that it is certain that the establishment 
in the vats of a suitable bacterial flora would enormously improve 
the yield and the quality of the product; (iii) that it has been 
found that the efficiency of the prevalent process of extraction 
depends naturally on the nature of the bacteria present in the 
steeping vats, and (iv) that according as these are favourable or 
unfavourable, very different yields of indigo are obtained. In 
different districts in different waters and on different days, varia- 
tion in the type of the bacteria predominating may occur and 
'account for the variation in yield and quality. The water supplied 
for vats contains different types of bacteria less efficacious in one 
case than in the other, for as regards the details of manufacture 
there is no noticeable difference. One point which may account 
for the generally reported high yields in Madras is the much smaller 
capacity of the steeping vats here. A few recommendations made 
by Dr. Marsden are : (i) The grower should be made to deal direct 
with the manufacturer and that arrangements may be made to 
market the produce on contract to be supplied in the quality and 
form contracted for; (ii) The possibility of getting manufacturers 
to deliver the produce to a central factory for working up and 
standardizing and that’ co-operative schemes should ^ establis)ied 
in the main indigo centres to meet possible demands from indigo 
consumers; (iii) That the low average quality of Madras indigo 
is due to inability to control the manufacture and to the deliberate 
adulteratibn with mud in some two or three districts only. 
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Kudzu Vine (Fueraria hinuta — P. thumbergiana) (Puerarta 
pnaseoloides — tiie tropical Jiuclzu), 

The real Kudzu vine {Fuerana hirsuta) is a native of Japan 
and Cdma. it is perennial with twining stems and large tuberous 
siarcny roots. The vine is noted fur the great rapidity of its 
growtii under congenial environment and is a uselul cover crop, 
it IS also used as a forage crop and also for ornament and shade. 
Another allied species, Fuerana phaseoloides is met with m India, 
China and Malaya and this is known by the name Tropical Kudzu. 

Kudzu was introduced into the United States of America some 
time this centui'y and the vine has proved very efficacious in pre- 
venting soil erosion and to reclaim highly eroded lands in certain 
sections of the country. The great potentialities of the vine were 
recognized only after its introduction to America. 

In order to study the possibility of introducing the vine in 
Madras, trial sowings of both Kudzu and tropical Kudzu were done 
at a number of research stations in the State in TJ46 and 1947. 
At Coimbatore with an annual precipitation of about 27 inches 
IKv annum Kudzu failed to come up while tropical Kudzu came 
up in pots but not under field conditions. At the Agricultural 
Kesearch Station, Nanjanad, in tlie KTlgins, tropical Kudzu failed 
completely, whereas Kudzu s<juietmies grew well, but failed to 
establish successfully. At the Paddy Breeding Station, Manga- 
lore, and in the sandy soil of the C oconut Research Station, 
Nileshwar, Pueraria phaj^eoloides was found to come up satisfac- 
torily. 

The trials carried out so far appear to show that the real Kudzu 
is not suited to the conditions obtaining in the State while the 
tropical Kudzu may be suitable fur the conditions obtaining on the 
West Coast. Further extensive trials are necessary to draw definite 
conclusions. 

Ratan Cank {Calamm Rotang) (Pahnaceae). 

This is an extensive, armed climbing plant growing abundantly 
in the rain forests of Malabar, South Kanara and other places. 

The stem of ratan knowm as ratan cane is used for making 
baskets, furniture, floor mats, umbrella handles, walking sticks, 
etc. Calamus Rotang and Calamus viminalis were tried in Shiyali, 
Tiruthuraipundi, Mayuram, Aduthurai, Palur and certain other 
places to see if it can be grown successfully in the plains. They 
did not make satisfactory growth in any of the places where they 
were tried. 

SiNGABAS OR WATER CHESTNUT (Ttapa bispitiosa) (Onagradacae). 

This is a floating herb found in lakes, tanks and ponds through- 
out India and Ceylon. The kernel of the fruit is used as an article 
of food as it contains starch. It may be eaten either raw or 
cooked. The nuts are considered to be cooling and useful in bilious 
afifections and diarrhoea. It is extensively cultivated in Kaehmir. 

54a 
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, Season and cultivation . — Generally in the months of January- 
February when there is suihcient water in the pond, some young 
growing plants along with submerged stems are introduced m the 
middle of the pond and allowed to grow. Further care and atten- 
tion do not seem to be necessary. 

In about a year the plants spread out and begin to flower and 
fruit. The ripe nuts are black in colour and are of a curious form, 
.resembling a bullock’s head with two prominent horns (spines). 
Every year the old plants are to be removed and young ones allowed 
to spread. The plants yield nuts for about four to fi\e months 
from January to May, provided there is sutlicient water in the 
ponds. Kipe nuts get separated from the mother plant and sink 
into the mud at the bottom of the pond. It grows as long as there 
is water in the pond. 

Harvest and yield . — Both ripe and unripe nuts are collected. If 
the pond is full of water, a small raft or “ kattamaran ” is u.sed 
to collect the unripe nuts, and also for d ving into the pond to 
gathei the shed ripe nuts which are .sweeter. I'he diver brings out 
a bandful of nuts every time. Since the collection of ripe nuts is 
a little laborious and time-consuming, harvesting is done once in 
two to four days according to convenience. No special labour is 
employed at any time for this work e.\cept that of the grower and 
his people who attend to this work. Each day a few hundreds 
of nuts are collected depending on the }ield and Ihe season. It is 
difficult to give an exact estimate of yield by weight or number of 
nuts collected from day to day or for the season and no data are 
available on this important point to give us an idea regarding the 
economic aspect of the crop. 

Marketing . — The collections of the day of both partially ripe 
and unripe ones are brought home, boiled and spine? and shall 
removed, the nuts then are sold a.s whole nuts or cut into pieces for 
a few annas. 

In 1946, ten pound.s of seeds of Singara in each of three varieties 
mentioned below were obtained from’ the Agricultural Department, 
Jammu and Kashmir, Srinagar for trial in this State ; — 

(i) Kang-nuts four spined, large sized, not very delicious. 

(li) Basmat-nuts two spined. The spines are small projec- 
tions of the shell, thin shelled, delicious, grows satisfactorily in 
clean and moving water. 

(iii) Togar grows well in shallow and muddy waters near 
the banks of lakes ; the fruit is large in size, hard shelled but sweet. 

The trials proved unsuccessful since the seeds did not germinate 
in the centres tried. 



' CHAPTER 16 . 

SOILS AND SOIL STUDIES. 

Origin of soils, parent rock, climate, morphology, classification, 
distribution (with map) and important properties of Madras soila-^ 
Soil surveys, routine type, of rice growing areas, Tanjore, Guntur, 
Krishna, Godavari, Periyar, Malabar— Special soil surveys— The 
several irrigation project areas— The Lower Bhavani, the Tunga- 
bhadra, the Cauvery-Mettur, the Toludnr, the Gandikota— Area 
for fruit development in Ceded Districts— Area affected by cyclone 
in the North-East Madras coast— soil moisture and dry farming 
practices, work at Kasargod, Nileshwar, Coiipbatore and Hagari, the 
Madras Dry Farming Scheme and summary of experiments achieved— 
Soil erosion, magnitude, factors affecting, control methods, work 
at Hagari, propaganda for anti-erosion methods, the Madras Soil 
Conservation Scheme— Alkali lands, extent in Madras, early attempts 
at reclamation, sulphur and gypsum treatments, alkali reclamation 
under the Kattalai High level channel, Tiruchirantalli district, recla- 
mation under dry conditions, natural reclamation— Soil organic 
matter and its decomposition, humus formation, .the carbon- 
nitrogen ratio, green manure decomposition, wet land conditions, 
nitrification studies, decomposition of molasses— Soil conditions as 
affected by cultural and manuring practices, the cholam effect, the 
betelvine effect, earthworms and soil fertility, soil studies of a funda- 
mental nature, the need for research on soils, study on black cotton 
soil and the cause of its colour, origin of soils, Geo-chemistry of 
Madras Deccan and of Coimbatore district soils— Soil profile studies 
profiles of the several Agricultural Research Stations, classification 
of Madras soils on profile basis— Studies of a miscellaneous nature, 
the permanent manurial plots at Coimbatore, examination and 
standardization of analytical methods, routine advisory work— 
Conclusion. 

Introduction . — Soil is the basis of all human prosperity, for, 
without soil no vegetation can survive much less any agriculture. 
As such it is essential in any scheme of agricultural betterment to 
have a proper understanding of the soil as a means of improving 
crop production. In Madras even from the inception of the .\gri- 
cultural Department soil .studies had been recognized as an essentia] 
aspect of agricultural research and the Agricultural Chemistry 
Section has been engaged on this aspect for the past fifty years or 
80. An account is given in this chapter of the work done in the 
Department on the varied aspects of soil research, ranging from 
fundamental investigations on soil formation and classification, to 
intensive studies of special problems of immediate practical appli- 
cation like, for example, the Tungabhadra soil survey and agro- 
nomic experiments at Siruguppa to decide the question wliether 
black soils could be irrigated without bad effects afterwards. 
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The layman’s concept of soil as something dead and inert is 
H widespread one, but nonetheless en-oneous for that. In the words 
of the great Swedish Chemist Berzelius “ Soil is the chemical 
laboratory of nature, wherein various chemical decompositions and 
reactions take place in a hidden manner.” From the physical point 
of view, soil is a medium for plant growth, emphasising the 
mechanical support it gives to plants. Others refer to it as the site 
for numerous types of microorganisms. Thus the chemical, 
physical and bacteriological aspects are all involved in the complete 
definition of a soil concept. 

Origin of soils . — The rocks and mineral that form the earth’s 
crust are the parent material f^r the origin of all soils. Hence 
agricultm-al geology is an essential branch of study for the soil 
scientist, to enable him to understand the derivation of different 
soil types from different parent material. Climate is another very 
potent factor which is equally important in soil formation, and as 
revealed by the studies of Russian pedologists, even the same or 
similar types of parent rocks, when weathered under different 
climatic conditions may give rise io different soil profiles. It is 
now recognized that the soil is a function of rock, climate and time, 
in other words different sets of climatic conditions operating 
through a suffiiently long period of time on different parent rock 
materials result in the different types of soils in the world. Based 
upon this concept, the following definition of soil due to Marbut 
the great American Pedologist is the one generally accepted. 

The soil consists of the outer layers of the earth’s crust usually 
unconsolidated ranging from a mere film, in thickness to a maximum 
of ten feet or more which differs from the material beneath it 
(also usually unconsolidated) in colour, texture, structure, physical 
constitution, chemical composition, biological characteristics and 
in reaction and morphology. 

Pedology is, the study of soil and as in all fundamental sciences 
the morphological or descriptive phase is the first phase in soil 
studies also and the soil profile is the unit of study in all soil 
research. The soil profile is a vertical section of the soil down to 
the parent rock, showing the different ” horizons ” that constitute 
it. There are generally three horizons in all well developed and 
mature soils known as the ” A ” horizon or the real soil region, 
the ‘ B ’ horizon consisting of the weathered rock below and then 
the ‘ C ’ horizon the unweathered parent rock beneath. In some 
soils the ‘ B ’ horizon may be absent, i.e., the soil is found over the 
rocky substratum without any middle zone of weathered rock. This 
indicates that the soil should have been transported from elsewhere 
and was not formed in the place it is seen. The sod profile is 
thus a virtual autobiagraphy of the soil, a study of which enables 
the trained worker to trace the history of soil-formation processes, 
the climatic conditions that were operative and the time that 
should have elapsed. Soil profile studies also help in tracing the 
relationship in soils found in different countries and regions of the 
world and in classifying them and have been the basis on which 
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the Bussian theory that the geographic distributiori of soils follows 
the climatic zones, has been based. 

Soils of the Madras State , — The State extends from Visakha- 
patnam in the north (Lat.l9 N) to Cape Comorin in the south 
(Lat. 8 N) and from 74 East Longitude to 86 East Longitude in 
the east to west direction. The portion from 19 North to 16 North 
Latitude is a coastal strip extending for about 100 miles mland. In 
the northern part is a straggling range of low mountains called tlie 
Eastern Ghats, and south of this come the great deltas of the’ 
Godavari and Krishna. To the south of these deltas is a narrow 
coastal strip, with broken hilly country to the west and then 
comes the Cauvery delta. The West Coast of the State is a narrow 
coastal strip with high mountains known as tl)e Western Ghats 
often coining within a few miles of the sea. The interior of the 
State is a plateau ranging from a height of 1,500 feet above sea 
level in the west shelving towards the Bay of Bengal in the east. 
The main river systems flow from west to east, while a few short 
hill streams on the West Coast flow^ from the Western Ghats 
into the Arabian Sea on the w^est. 

Climate. — Climatologically, the State can be divided into four 
zones. (1) The West Coast strip and adjacent mountainous region, 
with an annual rainfall ranging from 75 to 150 indies, received 
mostly during the South-west monsoon. (2) The North-east 
Coast which enjoys both the monsoons and has a rainfall of 40 to 70 
inches per anniini, (3) The South-east Coast w’hich gets its rains 
during the retreating monsoon, averaging about 30 to 50 inches 
per annum and (4) the Central Plateau which is generally dry and 
serai-arid, with a rainfall of 20 to 30 inches. 

Geology . — The oldest and most extensive gcologic.i] formation 
in Madras are granites and gneisses of the Archaean p(Tiod These 
can be broadly subdivided as (a) the younger granites and granitoid 
gneisses and (b) the older gneisses which are schistose in some 
places. These vary very much in minerological and chemical 
composition, as the felspars in these rocks may he of alkali, lime 
or soda lime groups. The other minerals may he muscovite, 
biotite, hornblende and augite. The accessory mineral may be 
garnet, epidote, apatite, and magnatite. Occasionally corundum, 
tourmaline, actinolite, ilmenite and rutile are also met with. 

It is also quite common to find granites and gneisses of different 
minerological composition occurring inter-mixed within a small 
area. 

The Charnockites are characterised by the presence of hyper- 
sthene or enstatitie an dalso contain garnets. They occur mostlv 
on the Nilgiris and in parts of Salem and Coimbatore districts. 

The Khondalites are similar to the charnockites but occur in the 
Northern Circars area. 

The Dfcortrar^?.— These occur in small and long bands in the 
Anan^pnr, Bellary, Chittoor and Nellore districts. The main 
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rocks are banded quartzites hsematities, hornblended schists, mica 
schists and traps. 

The Cuddapah-Kumool formations . — These are found in parts 
of Cuddapah, Kurnool, Anantapur and Guntur districts. The main 
rocks are slates, shales, sandstones, limestones and quartzites. In 
the lower Cuddapah formations, contemporaneous trap and dykes 
of silts are common. 

The Gondwanas occur as small patches along the coast 
between Visakhapatnam and Tanjore and near Bajahmundry. The 
main rocks are grits, sandstones, shales and limestones. 

The Gondwanas occur as small patches along the coast between 
Visakhapatnam and Tanjore and near Bajahmundry. The main 
rocks are grits, sandstones, shales and limestones. 

Cuddalore formations are found along the coast in some places 
and are composed of loose textimed sandstones and pebble beds, 
sands and clays. 

Laterites . — These are of two types (a) the high level laterites 
and (b) the low level laterites found below 2000 altitudes. The 
latter type occurs along the West Coast as patches and the high 
level laterites are found on the Western Ghats, the Nilgiris and some 
of the other high mountains in Madras. 

Recent . — In addition to these, along the coast there are also 
alluviums of marine orgin and the major river deltas. Thus it 
will be seen that though the geology is uniform, there is diversity 
in geography and climatology. Climate has played a very impor- 
tant part in the weathering of soil of different types. The 016.111 
temperatures are uniformly high with little local variations. The 
hottest zone is the Central Plateau, with a long, dry summer and a 
cool winter. The coastal areas have moderate temperatures and 
a moist atmosphere all#through the year. Rainfall is another 
climatological factor that has had an important role in the develop- 
ment of distinct soil profits. A popular classification of Madras 
soils is given below based upon the studies carried out chiefly at 
Coimbatore in the Agricultural Chemistry section. 

Classification . — A systematic study of the soils of Madras was 
started in 1931 utilizing the soil samples gathered from different 
Agricultural Besearch Stations under the control of the Department 
of Agriculture. These stations are located in different typical 
regions and have each a distinct soil type. Thus Koilpatti in Tiru- 
nelveli district, Hagari and Siruguppa in Bellary, Nandyal in 
Kurnool, and Lam Farm in Guntur district are all situated in 
black soil areas. Samalkota and Maruteru in Godavari district 
and Aduthurai in Tanjore are in deltaic alluvial areas. Taliparamba 
and Pattambi in Malabar are in a laterite area while Eodnr in 
Cuddapah district is in a red soil area derived from quartzite 
rocks. Anakapalle in the northern extreme is typical of the garden 
land soil of Visakhapatnam. Mention may also be 'made inoiden* 
tally of the Central Farm, Coimbatore, where not only black and 
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red soils but also mixed soils are found to occur within a small area 
of about one square mile. 

From such a representative set of soils a large number of samples 
was collected with full descriptions of the soil profiles in every case. 
These samples were subjected to a complete analysis including the 
chemical composition, mechanical texture, exchangeable bases, 
analysis of clay minerals and the silica sesquioxide ratio. The 
data thus accumulated have enabled a classification of Madras soils 
into the following groups : — 

(1) The red soils 

(2) The black soils 

(3) The coastal alluvium 

(4) The delta soils 

(6) The laterite soils 

(6) Mixed soils 

(7) Organic or forest soils. 

{See Map showing distribution of soil types.) 

Types one, three and five are predominantly red, reddish, or 
brown in colour, while types two and four are dark-coloured 
popularly tertns as black. 

Red soils occur over a large area of the State and may be said 
to be the common type. They occur in all sorts of situations 
ranging from hill slopes to deep valleys in various parts of the State. 
They are characterised by a relatively low content of silica of about 
40 per cent, low content of lime and magnesia of less than one 
per cent and a high content of iron and alumina of 40 per cent or 
more. They are distributed all over the State either in large 
stretches or in isolated pockets m the midst of black soil areas. 

Coastal alluviums and laterito soils are also red or reddish 
brown in colour but are dilTerent from type one red soil both in 
derivation and in composition. 

Black soils occupy for the most part the Central Plateau of the 
Peninsula over extensive areas of 8,000 square iinles and more whth 
scattered occurrences in less conspicuous areas. Black soils are 
found also in Guntur-Ongole and various f)laces on the East Coast. 
They occur in the far south in Tirunelveli and Ramanathapurain 
districts as well. The characteristic feature of black soils are a high 
contents of silica of 50-54 per cent, high lime and magnesia and 
low iron and alumina. 

Type four, delta soils occur mainly in the deltas of the two 
great rivers Godavari and Krishna and of the Can very delta. Tyi>e 
five, the laterite soils, occur mainly on the West Coast and 
in scattered areas on the East Coast and on some of the hillocks in 
the southern region. They too are red in colour but differ in 
composition and properties from the true red soils. They are 
formed as a rule under conditions of copious rainfall as in the 
West -Coast and as a result the leaching out of soluble bases has 
gone to excessive limits so that the surface layer is the exposed 
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\ horizoD and the ‘ A * horizon in these soils is found below 
the ‘ B ’ horizon having infiltered from above. Laterite soils have 
ouly 35 per cent silica and are also poor in bases especially potasn, 
lime and magnesia though they are rich in iron and alumina with 
nearly 50 per cent. 

Black soils have a very high base exchange capacity. . Red soils 
have a lesser exchange capacity with a tendency to increase with 
depth. Laterite soils have the low’est exchange capacity with only 
> about ten milli-equivalents as against 25 in red soils and 50 in black 
soils. The exchangeable calcium is also very low in laterites being 
lessjthan one and show a decrease with depth. 

The silica sesquioxide ratio showed similar characteristic 
differences between the three main soil types. The black soils had 
value ranging from three to four, red soils from two to two and a 
half while the laterite soils had values less than 1*5 or even less 
than 1*0 indicating that they have undergone the maximum degree 
of leacliing. Hydrogen on concentrations too were different with 
black soils on the alkaline side with p.H. values of over 8-0; the red 
soils had values from 7*0 to 8*0 while the laterite soils were very 
acidic with p.H. value as low as 4*0 and 5.0 

In general red soils and aluvial soilsc are fertile aS they occur 
in zones where climatic conditions are favourable. Black soils on 
the other hand are met with chiefly in semi arid regions as in tlie 
Central plateau and on account of the fact that cotton is the most 
important and commonest crop on these soils they are usually 
known as black cotton soils. 

The laterite soils though not intrinsically very fertile ae able 
to support a good vegetation on account of the copious rains that 
are received on laterite areas. The tabular statement given sum- 
marize the main physical and chemical characteristics of the 
various soil types in the State of Madas. (Vide page 188.) 

From the statement and soil map it will be seen that the soils 
of the Madras State are very heterogenous-climate, geography 
and geological formations have all contributed to this heterogeneity 
so that no uniform programme of manuring of soil amendment can 
be laid down as applicable to all localities. Each problem of soil 
management and soil improvement has therefore to be studied in 
relation to the particular set of local conditions, before a suitable 
solution can be arrived at. This is what the Agricultural Chemistry 
section is doing at Coimbatore. The work done in this section is 
outlined below under the following heads : — 

(1) Boil surveys. 

(2) Soil moisture and dry farming practices. 

(3) Soil erosion control, 

(4) 'Soil organic matter. 

Soil conditions as affected by cropping. 

. (6) Soil studies of a fundamental nature. 

(7) Soil profile studies. 

(8) Miscellaneous soil studies. 
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(1) Soil Surveys. 

The purpose of a soil survey is to secure ail tlie iiiloioiation 
necessay to put the land to the best use in cop poduction. It 
should thus provide all the data on soil quality, how much plant 
food it contains, whetlier the arnounis are aaequate or whether 
manuring is necessary, the drainage facilities available in the tract 
and the susceptibility to soil erosion. 

A soil survey is done first in the field and later completed in the 
chemical laboratory by analysing the soil samples and mapping out 
the analytical results for easy rcterence. The field woik consists 
of a traverse of the regmn, digging pits at intervals representative 
of the tract and collecting samples of the soil. Samples from 
successive depths usuaLy a foot eacli are collected down to the 
parent rock and separately bagged and labelled. A full description 
ol the soil profile and the several horizons is recorded on tiie spot 
at each of the profile pits dug. Aotes on the topugrapliy, the depth 
of the water table, the predominant segetation oi the tract and 
other relevant particulars are also included in the report. Where 
the area to be thus surxejed is extensive, a large staff of trained 
workers is necessary since the survey and collection of samples have 
to be completed w.tliin a short period during the fallow period in 
the rainless season so that rams might not hamper the survey work 
and the farmer’s work on his fields too js not hindered. 

Types of soil survey. — Sur\e}s are in general of two types (a) 
Routine surveys ()f different tracts to study the re(juirements of the 
cropping in vogue and (6) special sur\e>.s to solve specific problems 
or to assess the future potentialities of spec fic tracts or regions. 
Any large scale irrigation project is usuail}' preceded l)\ a special 
soil survey. Jioth the.se tNpes of surveys ha\e been conducted by 
the Madras l>partnient of Agriculture. Houtine surveys were done 
on the deltaic and other nce-growing areas in the State as in the 
Godavari, Krishna and Taiijore deltas, the Peryar s\stem in 
Madurai and the nce-areas in Malabar. No profile pits were dug in 
these surveys, the surface and sub-soils alone being sampled and 
analysed since the object of the .sur\ey was merely to ascertain if 
the soils in those areas were adecpiately supplied with nitrogen, 
phosphorus and potash for grow ing satisfactory crops of nee. 

.4 soil survey of the Tan jure Della — (1012 to 1013). — Extensive 
tours were made all over the district in 1012 and 1913 and 134 
samples of soil w^ere collected. At headquarters the samples for 
chemical analysis were reduced to 91 as some samples had been 
taken at places too near together or were representative of onh 
small isolated areas differing greafly from the general character 
of the delta soils. These 91 samples were analysed for the chief 
plant food elements, nitrogen, phosphorus, potassium, lime and 
magnesia and the results were mapped out showing the places from 
where the samples were taken and the percentages of tlie different 
ingredients and their ranges denoted in different colours for easy 
reference. 
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Before acquainting ouiselves witii the conclusions drawn from 
the maps, a note of explanation about the dillerent coiistituents and 
their significance may be necessary. Nitrogen, piiosphorus and 
potassium are the three essential plant food elements. In reporting 
the amounts of these found in a soil, the analyst reports the amount 
of nitrogen as such, but potassium and phosphorus as theii* oxides 
— called potash and phosphoric acid. Again, all the nitrogen in a 
soil is supposed to be sooner or later available lor the plants, and 
hence this constituent is merely reported as the total amount 
present. Ah regards potasli and phosphoric acid, ii is known tibat 
Only that portion which is solulile in water is iuimediatcly available 
for plants, while a considerable portion may l)e insoluble and un- 
available. The total amount of pliosidioric acid and potash in a 
soil is of less importance tliaii the available values, so far as the 
immediate needs of the plant are cotfcerned, but the nou-available 
constituents are of importance from another point of view, as they 
gradually become a\ailable as time goes on, and thus constitute 
what may l)e^ looked upon as the dormant plant food in a soil. The 
soil analyst, therefore, reports both the total and avauuble quanti- 
ties of these constituents in his analysis of the soil. Two other 
constituents, lime and magiu^sia are also determined: these are not 
essential as [)lant food, but are irnporlant in other ways to the soil 
— as bases which are needed to correct acidity developing in wet 
land condtions. 

The map showing tlie distribution of nitrogen in the delta 
showed that praoticaliy the whole of the delta contains less than 
0 06 per cent (a low figure i and that about half tlie delta contains 
even less than 0<)4 per cent. Generally speaking, liie richer lands 
lie among the liaiik of Coleroon rj\er. The fertility of the soil 
depends to a ver\ large extent on the most irnpomiit plant food — 
nitrogen, and the survey’ indicated the whole of the delta to be 
deficient in this nutrient. 

The maps fur total plio.sphoric acid and total potash showed 
that the Taujore delta soils contain nearly ten times as much 
potash as |>husphoric ucid : tlie richest soils are those along the 
Coleroon river, while the }XK)rer soils are found in the tract of 
country running from dry lands of the south to the centre of the 
delta. 

The map showing distribution of available phosphoric acid 
showed clearly , that the only soils which contain over 0*01 per 
cent of availahlc pliosphoric acid (the limiting value) and w'hich 
therefore do not require phosphatic manuring, are those in close 
proximity to the Coleroon river in the Tanjore district and extend- 
ing into rajKinasam taluk. This tract is very circumscribed and 
constitutes only a small jiortion of the delta. Small isolated patches 
of soil rich in phosphoric acid are found on the W’estern side of 
Mayurain taluk and there is another small area towards the 
south-western extermity^xof Tinitnrai taluk. Apart from these, 
the remainder of the Tanjore della consist^ of soil w^hich are very 
deficient in available iihosphoric acid. 

A.M,— 55 
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The available potash iria}), showed (taking 0*05 per cent as 
the ininiiriurn value) lliil the greater part of the delta is well- 
supplied with this plant food. More than 70 out of 91 samples 
examined have adecjuate supjdies and are not in need of potassic 
manuring. The deficient areas are tlie western portion of Shiyali 
taluk, a stri|) of land nnining across th(‘ delta through the Kumba- 
Ivonam and Nannilain taluks, that poition of Tanjore and Mannar- 
taluks bordering on the dry lands, and a small portion of 
Papanasam taluk adjacent to the river. 

^ The lime-niagTiesia map of the delta showed clearly that the 
delta is divided into two clearlv marked areas, the northern 
having an excess of magnesia over hme, and the southern having 
an excess of lime over magnesia. i 

Soil surveys of Gunhir, Krishna and Godavari Deltas^ — In a 
manner similar to that of the Tanjore delta, soil survej's were 
do!ie in the (Junlur (hdta (191 I), the Krishna delta (1916), and the 
Godavari della (19I9t. The sarnple^^ drawn and examined from 
tlicse thn^e arcMs were 111, Id'l, ()9 reNpeetively. After analysis, 
the results w’ere iuaf)ped out, in the case of the Tanjore delta. 
It could ])o stM'ii fnan tlie nia[)f>, that as regards nitrogen, Guntur 
was less hut Krishna and (iodivari were more than in the Tanjore 
delta. As regards phosphoric, acid and potash, all the three deltas 
had a higher content than the Tanjore, although, there were certain 
localities, where the need foi phosphoric acid w^as indicated, 
fucidentallx , it w’as iK^ed that the silts of the Krishna and Goda- 
vari rivfU's wen* richia m lime, mairnesia. potash and phosphoric 
acid than tlx* (’au\erv silt. The difference in composition of the 
rock formations of the* two tracts through which these ri\ers 
flow and tlu* ‘.o’eatei' flow m llic Krishna and the Godavari are 
probably responsible for this. 

Summing up the rosult*^: of tliesc four surveys, Tanjore, Guntur, 
Krishna and Godavari, tlx* soils of all the four areas are poor in 
'irganic matter and nitrogen and the kiw amount of this ingredient 
may well he the limiting factor lor crop production. Phosphate 
deficiency also has to he made up hut the jiositxm is not so serious 
as in nitrogen. As regards potash, lime, and magnesia, the soils 
are adeijuately supjilied and oix* ne<*d not apprehend danger from 
any shortage of thesi* ingredients. 

Considering that these deltas are the granaries of our State, the 
need for intensive manuring of nitrogen and phosphoric acid can- 
not be overemphasised. In fact, as a result of the information 
obtained by lliesc sur\evs, advice ha^ been given to rvots of the 
deltas, on the need for stipfd.ving nitrogen in the shape of green 
manures, oil cakes, bonemcal and ammonium .sulphate. Many of 
the experiments laid oui in the several Pesearch Stations of the 
deltas, on the effect of nitrogenous manures on paddy, have been 
based on the results of the soil surveys. Thus these surveys are 
helpful in designing exjH^riments in Pesearch Stations, on the 
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findings of whicli proper advice could be given to ryots to improve 
the fertility of their lands. 

The Periyar tract , — The area surveyed consisted roughly of a 
large triangular tract lying between the main Periyar channel and 
the Vaigai river. The Periyar system derives its water-supply 
from a lake formed b\ a dam across the Periyar river which pre- 
viously flowed from the hills on the West Coast into the Arabian 
sea. The water is now led in the opposite direction into the 
Hiiraliyar river, coming from the Cumbum valley, which in turn 
joins the Vaigai river flow'ing in a south-easterly direction into the 
Bay of Bengal. The Vaigai is dammed by the Perenai anicut and 
the main Periyar channel takes off from this anicut and runs 
generalU' in an easterly direction, irrigating by means of a series 
of sub-cliannels, portions of the taluks of Nilakottai, Madurai and 
Melur in Madurai district. This tract has long been under culti- 
vation, using water from the tanks with which it is liberally sup- 
plied. Manf of the tanks in the western j)ortion derived their 
water from the Vaigai river, but those in the north and east were 
rainfed and the supply was therefore precarious. Since the advent 
of the Peripar project, however, these tanks receive sufficient water 
to provide for two crops in the two taluks first mentioned and at 
least one in Melur taluk. The land adjoining the Vaigai river at the 
western end of the tract has always been well cultivated and has 
a reputation for fertility. On the other hand the easfem portion 
of the Periyar project, however, these tatnks received sufficient water 
nel have been under paddy cultivation only since the Periyar 
supply began. In other words, there has been a large conversion 
of drj^ land into wet lands, consequent on the assured supply of 
water. 

The Periyar channel has twelve main distributaries which 
discharge into the tanks aforementioned : and it is from there, 
that water is taken on to the fields ; hut sometimes water is led 
directly into the fields by sluices, from the main channel or its 
distributaries. 

The suVvey of this tract was done during the summer of 1919 
and 67 typical samples from land under rice cultivation were 
collected. Analytical examination in the laboratory showed that 
the Periyar tract differed considerably from the delta areas pre- 
viously surveyed. The salient features are given below : — 

The nitrogen conent of the Periyar tract is generally satis- 
factory, nearly 45 out of 67 samples examined having over 0*069 
f>er cent and of these iS samples, in more than 20, the amount 
(exceeded 01 per cent of nitrogen, a value quite good enough for 
paddy soils. The area is therefore well supplied with nitrogen. 
The lime magnesia is how^ever unsatisfactory throughout the tract, 
toagnesia being generally in excess. • As regard's potash "“and phos- 
nhoric^ acid, the position is similar td the delta areas, but the 
supply of phosphoric acid, total and available, is inadequate and 
with the exception of a strip of land bordering on the Vaigai river 
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and hence receiving silt, practically the whole area is urgently in 
need of phosphatic manures. 

In its origin and subsequent treatment including conversion 
of dry into wet land, the Periyar tract differs from the deltaic 
areas of the Stale. Much of the old paddy land in the district had 
a reputation for alkalinity. This defect has, except in a few 
localities, been very largol;^ rectified by d) the application of fresh 
soil in very large quantities, a practice very common in the tract, 
(2) the use of niunicipal rubbish and (3) the extensive use of green 
manuring, more tlian in otlier tracts. In these practices, 
especially green luanuring which has been encouraged by the Agri- 
cultural Department’s activities and which is assisted by. the 
proximity to forest areas, tlu* Periyar lands differ from the other 
deltas and tliis difference is reflected in the analytical results. 

Malabar district , — In the nature of the soil surs^eyed, the 
Malabar district is different from the area previously surveyed. 
The previous surveys were confined to deltaic tracts, or as in the 
case of the Periyar, land brought under wef cultivation by an 
irrigation system. The soils were stiff and clayey and laden with 
the silt brought on \ear after year, by the river channels and 
distributaries traversing the tract. The crop grown was rice under 
swampy conditions. In the case of Malabar the area surveyed 
consists of low laterite plains and the soils, which belong to the red 
ferruginous series, oonsistinu of a mixture of eday and sand; silt 
is practically absent or is present in v(tv small quantities. The 
district cannot boast of irrigation facilities, a heavy rainfall taking 
the place of irrigation. The eiiltivation thus depends on the hea>y 
i^ruth-west and north-east monsoon rains averaging about 100 
inches annually and the area is not all under rice. 

The collection of samples was, however, confined to the lice 
lands. The survey was don(‘ during the f^iimmer of 1922 and 1923 
and I4fi soil samples were colleeted in all. The analytical exami- 
mation led to the following conclusions : — ^ 

The soils of Malabar gencraly contain adequate supplies of 
nitrogen and may not require the use of nitrogenous manures. 
Practically the whole of the area is \cry deficient in lime and 
magnesia. The supply of total phosphoric acid is adequate, but 
the available amount is verv low, and calls for immediate atten 
tion. As regards potash, the district shows a marked difference 
from the deltas. The total potash, which in the case of the deltas 
was eight to ten times as much as total phosphoric acid, is lower 
than the phosphoric acid : the available potash is just enough Co 
meet plant requirement!., hut not in excess as in the deltas. 

Summary of results of soil survey. — The results of all these 
sprvevs can now he advantageously summed up as recommenda- 
tions for a raanurinl policy to be followed for the chief rice growing 
areas of our State. 
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The deltas oi‘ Tanjore, Guntur, Krishna and Godavari are 
deficient in organic matter, nitrogen, and phosphoric acid, but 
adequately supplied with potash. All these and especially Tanjore 
require immediate attention in the matter of supply of nitrogenous 
and phosphatic fertilisers. None of these deltaic areas need any 
potassic manures. 

As regards J'^eriyar tract, phosphoric acid is the limiting factor 
and this must be supplied. Further, although the present posi- 
tion as regards nitrogen is satisfactory, the practice of green 
manure must be continued to maintain the nitrogen level and to 
counteract against the possibility of alkalinity developing. 


In Malabar, the crying need is lime, phosphoric acid to 
a slightly less extent, potash also. With a copious annual rainfall 
this tract lias had all the bases leached out of the soil, like potash, 
lime and magnesia. Further, as the soil is rich in iron, care 
should be exercised in the supply of prosphatu* fertilisers in a 
soluble form, because these phosphates will be converted into the 
insoluble iron phosphate, and become unavailable for crops. To 
meet this contingency, phosphatic fertilisers for the tract must be 
always accompanied by liberal doses of lime to fix the phosphoric 
acid and maintain it in an available form. 


Special soil surveys.— The^e routine soil surveys of the rice 
areas of the Madras Stale were done at a time, when it was consi- 
dered that an analysis of soils for their content of nitrogen, potash 
and phosphoric acid was all that was necessary to assess the 
fertility. With increasing knowledge in other countries and oura, 
t.ie study of the soil profile and its charai teristics and an exami- 
nation for further sod properties marked a furtfier stage in the 
technique of sod surveys. Tn particular, for areas to be brought 
under new irrigation projects, it was essential to go further than 
the mere estimation of plant foods. Soil studies thus done with 
i^I>ecific objects like (1) suitability for and behaviour after irri- 
gation (2) possibility of introducing new crops and (3) the assess- 
ment of damage due to floods or tidal inundation, all come under 
this type. Some of these, whicli were done at the instance of rhe 
Imgation Department have the following objects : fl) To dudy 
Uie various soil types prevailinj; in tljc project area, with a view 
to arrive at an approximate classification of soil types- (2) To 
obtain data on the physical properties, i.e., the structure and 
M.f !!ff i different horizons in the profile and to study 

Ilf effect of fhese properties on the permeahilitv to wafer and the 
ap,icit,\ for drainaj?e ; (3) To determine the nature and extent of 
^luble salts present in the various profile horizons and to estimate 
their depth distribution : ( 4 ) Based on the above studies to 
determine whether the soils as studied are irrigable and if so the 
probable effects of irrigation, i.e, whether irrigation would result 
m the nse or accumulation of soluble salts or result in wateJ-' 
If'gg'ng. (!)) To determine the typo of irrigation, light medium or 
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heavy, that would be most suitable and give the best results, with- 
out bringing about the wholesale development of alkalinity ; and 
(6) To suggest measures sucli as drainage and reclamation which 
may be likely to arise out of harmful changes on the advent of 
irrigation. 

As would be seen, the above scheme is more elaborate than 
that followed in the deltaic soil surveys. The reason is not far to 
seek. It is generally considered, that if water is supplied, the 
problem of raising firops is automatically solved, ^'ery often it is 
not so; irrigation projects start problems for the agriculturist, for 
it has been the experience in the world, that irrigation project^ 
have brought in their wake, aft(*r the first f('w years of good crops, 
salt concentration, alkali formation and soil deterioration. Since 
irrigation projects require a heavy capital investment, in it neces- 
sary that a thorough investigation is carried out on all aspects, 
before the proje(*t is actualh launched, as otlierwise tliere is the 
risk of the capital invested all going to waste. Hence soil surveys 
for irrigation proj(‘cls ar(‘ alwaxs (airried out in a very systematic 
and thonmgh fashion, with a special trained staff for all the 
operations, from collecting soil samples to carrying out the 
laboratory t(‘sts. I’lie following surveys have been conducted 
during the past twenty years hy the (?heinistry section in 
connexion with the several irrigation projects (?ontemplated in 
the State : — 

(1) Tjoxxer l^havani Project. 

(2) Thiingabhadra Project. 

(3) Cauverv -iVlottur Project. 

(4) Oundlakaiiia Project. 

(5) Toliidur Project. 

(6^ Gandikota Project. 

(7) Bellarv I'ruit Development Sclieme. 

(ft) Roil survey of cyclone-afTerted ar^as on the N'>rth- 
East Ccxist. 

Lower Bliavont Project . — The project aims at putting up a dam 
across the river Rhavani at a place 0 miles west of Satin amangalam 
in Coimbatore district and leading a channel from tliere to join the 
river Cauverv, near Chenniinalai. The strip of land that lies 
between the pmposed channel and the rivers Bhavani and Cauverv 
on the north and north-east is about 70 miles long and 4 or 5 miles 
broad, except near the Canverv on tlie east where it is nearly 
10 miles wide. The total area that would be commanded by the 
project is about 300,000 acres. 

The soil survin of the tract was done during the summer of 
1934. Soil samples were drawn from spots roughly 3 miles 
distant from oTie another and for the most part from dry lands 
devoted to raising only rainfed crops. These s^imples were taken 
for every 9 inches depth down to 27 inches. Some sample? 
were also taken from adjoining garden land areas to see what 
changes those soils had undergone as a result of well irrigation. 
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Altogether 200 samples were collected from the projecli area and 
iii addition to the estimation of plant food ingredients, they were 
examined with special reference to the organic matter present, 
their mechanical composition and other factors relating to the water 
relationship of the soil. 

It was observed in the course of the survey that the soil was 
very shallow varying in thickness from 9 to 27 inches, with 
17 inches as the aAcrage depth. The colour was uniformly red but 
m garden land areas the profiles showed deeper and more friable 
soils. The parent rock, gneiss, was usually reached at the third 
foot but just above it tlie ‘ B ’ horizon showed a layer of friable 
weathered rock. 'I’he profile features could be described as 
below : — 


0-17 inches . . Red loam, often sandy or gravelly. 

17-‘10 inches . . Layer of broken quartz and crystalline 

felspar. 

30-36 ,, . . Red silty loam. 

30-46 „ . , Weathered friable rock. 

Below 46 inches. . Hard un weathered parent rock. 

The shallow nature of the soil connotes a limited amount of 
weathering due partly to the limiled rainfall of 28 inches annually 
.and the general contour of the land which favours a large run-off. 
'Phe analytical data showed lhat most of the samjdes contained over 
86 jier cent of coarse fractions, <i.e., gravel, coarse sand and fine 
sand. Of the remaining 15 per cent, the average clay content 
was only 4-5 per cent, a very low figure for such soils, which 
indicated a very low capacity for retaining moisture. The 'iverage 
moisture-holding capacity of the samples was only 26 per cent with 
many samples going down as low' as 14 per cent and only eight 
samples had over 30 per cent of moisture-holding capacity. Under 
actual field conditions the.se laboratory figures would be much 
lower, nearly half. Sjiecific gravity and j^iore space estimations 
also showed the extremely porous nature of the soil. It was 
calculated that an irrigation of 2-78-acre inches would be necessary 
to saturate the soil to a depth of 9 inches, while the corresponding 
figure for a 12-inch soaking was 3-71 inches. 


Thus all the indications were pointing to the futility of copious 
iirigations on soils of this type. The soils Were also very porous 
and considering the fact that the cultivation of wet-land crops 
like nee, sugarcane or bananas on such soils would mean the waste 
of large volumes of water, the recommendation was first made that 
only dry-land crop like cotton, ragi and sorghum should be grown 
under irrigation in this project. Experiments were conduefed on 
sel^ted ryots fields under what may be called project conditions 
at Kugalur and Chinnasamudram and an account of the work done 
will be found in the Chapter on “ Irrigation ”. 


As a res’dlt of these experiments it 
project would prove a success without 
developing, because (1) of the excellent 


was concluded that the 
any risk of alkalinily 
quality of the irrigation 
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water, (2) the open nature of the soil which would permit of free 
drainage and discourage the rise of salts from the deeper layers and 
(3) the diligence of theianners of the tract who could be depended 
on to improve the fertility status of the soil if irrigation facilities 
were made available. To ensure success, however, it was recom- 
mended that anti-malarial measures should also be instituted with 
the advent of irrigation. Intensive propaganda should also be 
made to advocate the growing of green-manure crops with the 
addition of phosphatic manures in order to build up the fertility of 
the soils of the tract in nitrogen and phosphorus, two elements 
wherein the deficiency was most acute. Finally an agricultural 
research station must be established in tlic [project aroi?. for tesiing 
various measures of land utilization to the maximum advantage 
and to study the agricultural and horticultural crops best suited to 
the tract under irrigated conditions. 

The Tungabhadra Project . — The Ceded districts in Madras 
State, comprising the districts of liellarv, Anantapnr, Kurnool and 
Cuddapah, have long been known as a region of very precR/rious 
and scanty rainfall subject to frcfjuent famines, and as conse^ 
cjuence, one of tlu* most backward regions m the whole State. 
The Tungabhadra Project had been under contemplation for over 
70 years as the only pennammt means of improving the economic 
condition of the region as the <oib. i)y virtue of their fertility and 
high water retention cai^acity, are able to produce good crops in 
years of timely rainfall. An attempt to harness the waters of the 
Tungabhadra river, wliicb alone <>f the four rivers that run through 
this region has a porennifil flov , was therefore under consideration 
for quite a long time. In order to settle the doubts expressed by 
some authorieies regarding the iiregability of heavy black soils, 
a soil survey was ordered to he carried out in the tract to l^e brought 
under this irrigation scheme. Since the project was a major one, 
involving tlie out la \ of several ernres of rupees, the surv^ey had 
to be on a very elaborate and detailed scale. A special staff was 
therefore instituted for this ]'urpo--<‘, wairking under the control of 
the Agricultural Chemist in ccdlahoration wdth the Irrigation 
Pepartmen?. 

The area to come under the project lies in the taluks of Hospet, 
Itayadrug, Bellarv. Rirngup]>a and .\doni in the Bellarv di8ti;ict, 
Pattikonda and Kurnool taluks in the Kurnool district, and Gooty 
taluk in the .\nantapur district, wdth a total area of 1,072.500 
acres, with 7R4,000 acres in Bellarv, 100,300 in Kurnool and 
12ft ,300 acres in AnanTapiir district. The project is designed to 
have the storage dam at Mellanuram, a few miles south of Hospet 
with a storage capacity of 120.000 million cubic feet and a vvater- 
spread of over 13ft square miles. 

General topography . — The south-west of the area is hilly 
while the eounfrv to the east and north-east of Hagari is undulat- 
ing, with a few low hills of red granite near Adoni. The general 
slope of the land is from the south-east to the north-west in general 



712 MEAIOIKS OF THE DEPARTMENT OF AGRICULTURE, MADRAS 


direction of the Tungabhadra and its tributary the Hagari river. 
The soil of the region is mostly heavy black soil on which most 
of the rains tliat fall are lost as run off. The climate is what is 
known as ‘ Continental *, i.o., with a low rainfall, high annual 
and diurnal variations in temperature and generally low humidity. 
This type of climate has had a profound influence on the process 
of weathering of rocks in the region, and has given rise to soils 
under arid conditions over very long jieriods. The total rainfall is 
only 21 to 22 inches, of which nearly 60 per cent is received in 
the south-west monsoon. In any given year, it is not so much 
the actual amount as the distrilnition of the rainfall that spells 
success or failure of crops. In some years the rainfall goes as 
low as 10 or 12 inches and often these rains ai*e received as heavy 
downpours at a time when the fields are hare and easily eroded. 

Geology . — The major jfKirtion of the region is composed of a 
basement o farchaean complex of granites and gneisses consisting 
mainly of types containing (T) (juartz and felsinir, (2) quartz, 
felspar and hornblende and (3) (juartz, felspar and mica. The 
falspars themselves vary m composition being of both types, 
namely, soda lime and potash falspars. A peculiar feature of the 
region that two or more of these rock tvpes might occur together 
and give rise to different types of soil. 

Hydrology . — The whole region is poorly supplied wdth wells 
and the water table lies at considerable depths below ground* level. 
Conditions are somewhat better in the red soils, so that garden 
lands are sometimes found in the red soil areas, Tn black soil 
areas, the people have to depend for watt^r on Vaulids, where water 
is available from spring channels. Large storage wells are often 
excavated to catch the surface drainagf‘ during rainy months. These 
storage wells are knowm as Vahharanis and jirovide a limited supply 
of water for domestic purposes. In a few y daces, fair sized tanks 
also exist, the Daroji and the KanelalUt in the south and the 
Chinnaiambulam in the north are worth noting, as they irrigate 
a fair area and provide water for even wet cultivation. 

Soih . — The soils of the area fall into two groups, the black 
and tlie red, almost entirely depending on rainfall. In certain 
limited areas, there are irrigated lands (both black and red) under 
river channels and under tanks. The cropyung season varies with 
theoiature of the soil ; those that are croyiped during the south-west 
monsoon being known as Munqari areas. These are mainly red 
soils which are less retentive of moiktiiro. Black soils that are 
able to retain moisture for longer perio<ls are cropped in Hingari 
or the later season, after the rains of the south-wes? monsoon are 
received. The Mungari crops are sorghum, set aria, bajra and 
pulses and also Munqari or early sown cotton while Hingari cofton 
and white sorghum are raised in the Hingari season. 

Where conditions are favourable und water is available in 
sufficient quantities, croT)s like sugarcane and rice are grown in 
small areas. Tn Siruguppa, for example, there are nearly 3,000 
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aores under channel irrigation from the Tungabhadra river. Bice, 
sugarcane, turmeric, bananas, garlic and sweet potatoes are grown 
and heavy yields are olitained. On the black soils, imgated by 
spring channels troia the Hagari river, rice is grown year after 
j^ear and occasionally as in the village of Moka, sugarcane. These 
iiTigation schemes have beeii in existence for nearly four centuries 
and should be a pointer towards tlie suitability of the soils of this 
region for irrigation. 

The field icork of the survey. — Survey work was commenced in 
the project area in January 1935 ; two field units took up the field 
work in February and completed it by the end of June. The pro- 
ject area covered a])ont 1 ,()00 sejuare miles. At the rate of one 
profile pit for every four square miles, 400 pits were programmed. 
These were excavated down to the parent rock or water table 
whichever was less and a complete study of the profile was made 
and recorded on tlie spot. Samples of soil were drawn at depths 
of one foot or less so as to include all the special features of the 
horizons observed. Special profile pits were also dug in axeas 
already under irrigation, lo slutly the changes that had occurred 
-IS a result of irrigated conditions. The total number of profiles 
actually studied was 414 and the number of samples collected was 
2,095. ‘ 

Based on their colour, depth and the preFience or absence of 
g3'psuni, the profiles taken from tlie dry areas, numbering 407, 
were classified as follows : — 

Nature of soil. 

( 1 ) 

1 Deep black soil with gypsum 

2 Deep black soil without gypsum 

3 Shallow block soil with gyj sum 

4 Shallow black soil without gypsum 

5 Deep red soils . . 

6 Shallow red soils 

7 Mixed soils (uuclassiRed) . . 

{See Map showing soil distribution in the Project Area.) 

From the statement it will be seen that nearly 80 per cent 
of the profiles examined were black soils and of these 35 per c«it 
contain gypsum, and 45 per cent no gypsum. A further analysis 
of the gypsum bearing pits revealed that gypsum most often occurs 
between the third and fourth foot which is thus the zone of salt 
concentration. This ^int, which was later confirmed by analysis 
is important, because it shows that the normal depth of occurrence 
of salts is not very high and is at a depth where plant roots will 
not be affected. 

The following description of the profiles will be usefnl in 
bringing out differences between them — 

Deep black soil with gypsum.— The top soil is highly cracM, 
the cracks extending ovh- fdur or five feet, as a consequence of 
which, a columnar stnicture is visible in places; in the deeper layen 
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BO cracks are seen on account of the highly moist condition of the 
soil. The colour is black to light grey at the top, tending to be- 
come yellowish grey in the deeper layers. Kankar gravel is found 
distributed throughout. Gypsum occurs as crystal aggregates either 
at the zone of contact, between the upper and the lower layer 
or ill the body in tlie lower lasers. The yellow clay horizon is 
a characieristic layer of separation between the top and bottom 
portions ol the profile and it is in this layer or near it, that the 
g}psum aggreg'dtes *iie found. In inan^ of the prohles, irregulai 
foliations at low'er depths arc visible and so the clay lumps pre- 
sent a lu.‘'Uuiis ebuny-iike surface. The demarcation of the top 
black soil la}tj]’ marked with cracks, Irom the subjacent moist, 
slimy, blacksoil layer is quite distinct. The underlying rocks when 
met with arc liighi\ weathered granite, giving rise to grey or light 
green material. 

^\ bile the above in a general description of the deep black 
bOiUgvpsuiii profile, local variations are also met with. Calcium 
carbonate uia\ occm* either as pockets or as streaks of powderv 
conBistencx . It max also occur as dendritic incrustations in the 
lower lioiazuns. Sbuieiimes precipitated calcium (*arbonate in the 
form of powder, occuis m the deeper horizons, ferruginous gravel 
may lie found to b(^ distributed either throughout the profile or 
confined to tiie yellow clay layei ; the soil surface is found to be 
stiwn with stones, especially near the water-courses, and sniooth 
pebbles of varying >iz(»s, and shapes are also seen. 

Deep black sotl ivithout (jijpsum.- "This profile similar to 
the previous one, except for the absence of gypsum. Furthei, 
the yellow clax laver which is one of the marked features of the 
gypsum hearing profiles is often absent. 

Shalloir black ^oil u ith and icithoul (jyp.siim. — These two are 
biiuilar to tlie deep jirofiles, but the cracks are not so deep, and 
tlie foliation-- and the yellow clax laxei are not so distinct. 

Red sods^ deep and shalloir. — The surface soil is mostly a 
sandy loam; generally red, the surface is lighter in colour than 
the lower zone. Usually angular stones, pebbles of granite ami 
quartz are found distributed throughout with sometimes, calcium 
carbonate tfs kankar in the soil zone. The underlying rock is 
mostly weathered granite and the jirofile being loamy in texture, 
IS permeable. In the shallow red soils, the depth of the soil zone 
rarely exceeds one foot. 

Results of laboratory e^ramination. — The soil samples drawn 
during the survey were examined in the laboratory at Coimbatore 
for various properties, physical, chemical and physicochemical and 
the results are summarized below. 

Mechanical composition , — ^All the four types of black soils 
possess more or less the same mechanical composition, character- 
ised by over 60 per cent of the fine fractions, i.e., clay and silt. 
In the deep black soils with gypsum, the amount of fine fraction 
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increases with depth up to the fourth foot, the zone of salt con- 
centration ; it then falls till the seventh foot, with a furth^ rise 
again at subsequent depths, if soil is present. With the rise in 
gypsum concentration, there is a corresponding fall in the amount 
of line fractions indicating a direct correlation between salt con- 
centration and the finer fractions. In the deep soils, the range 
of fine fractions is from 70 per cent in the surface to a maximum 
of 81 per cent in the seventh foot; in the shallow soils, the amount 
IS less, from 62 iier cent at the surface to 75 per cent in the third 
foot. 

The red soils dill'er from the black soils in having a higher 
percentage of coarse fractions than fine fraction, the deep red soils 
are more loamy than the shallow ones, which are sandy loams. 

The general mechanical composition of the different types, 
closely agrees with textural features of the profile recorded during 
the surve} ing in the field. 

Single value constants . — To assess the general physical 
^ character of a soil, many workers have measured one property or 
a group of jiroperties and siiecified it with a single number often 
referred to as “ single value constants ”. Hygroscopic co-efficient, 
maximum moisture holding capacuy, pore space, the absolute speci- 
fic gravity of a soil, are a few of these constants and there is a 
close correlation between these and the mechanical composition, 
especially fine fractions. 

Laboratory examination of the project samples for these 
constants revealed that there is, in these soils, a considerable 
capacity for absorbing and retaining moisture. Clay soils as a 
groiqi show a close relationship between the moisture retaining 
jiower and the fine fractions. With a ri.se or fall in the finer 
fractions, there is a corresponding increase or decrease in moisture 
holding capacity. But in heavy soils this property is not an in- 
dependent one and is influenced by other factors, chiefly, by the 
bases present in an exchangeable fonn. Of these bases, sodium 
markedly affects the moisture relationship of the soil. Exchange- 
able sodium in the clay brings about a deflocculated condition in 
the soil, and increases its moisture-holding power over and above 
that due to the fine fractions. 

The black soils of the project area, have a moisture-retaining 
power varying from 65 per cent to 85 per cent while the red soils 
(compare with the lower Bhavaui project soil samples) show values 
from 25 to 40 per cent. Percolation and permeability studies 
showed again correlation with the clay content. Generally, the 
gypsum containing soils showed greater permeability, confinning 
the earlier observation that gypsum modifies the soil texture. In 
the case of red soils the rate of percolation was much higher than 
in the black soils, the depth attained by a percolating column of 
water being nine times that of the black soil over the same period. 
The slow permeability of the black soil is due not only to a high 
content of fine fraction but also to the exchangeable sodium. 
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Total soluble salts , — By I'ar the most important laboratory 
examination done was the percentage of water-soluble salts. The 
following table gives the average salt content of the different soil 
types at various depths : — - 

Average salt content in ijercentages. 
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.j Deep red soil 
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(See Maps of Project area sliowing distribution of total soluble salts m the top 
three feet and in the bottom three feet.) 

It will be seen that tliore ih an iiK*rt‘as>e in the concentration 
of salts with depth m the bjack soil, the inaxiiiiiiin being reached 
in the fourth and filth foot, after which there is again u slight 
decrease. Generallv the aiuount ot soluble salts in the tii;sl foot 
IS below 0*1 ptu* cent verj few samples having higher concentration. 
The range of concentration in tht‘ second foot is between t) l and 
0*3 per cent and in the tliird foot between 01 and 0*5 per cent. 
Thus it is evident that in tlic region in which the roots of common 
agricultural crops are likely to penetrate, the salt concentration 
IS at a minimum and not likely to he toxic to or inhibitor} for 
plant growth. In tlu' case of red soils, the salt concentration 
unlike, the l>hu‘k soil, is uniform throughout the profile, i>ut tlie 
range OT to 0*‘2 is well within the toxic limits. 

The nature of soluble salts , — In assessing the effects of salts 
present in the soil on vegetation, it is not only the total (*oncen- 
tration, but also their nature tliat are of importance. Crops may 
tolerate a high salt content, provided salts toxic to plant growth 
are .absent; again, a soil witli relativel} low total soluble salt con- 
tent, may p/rove incapal>Ie of bearing any vegetation owing to the 
presence of toxic salts. Hilgard and other AmerKan workers 
have worked out the toxic limits of various salts on heavy soils 
and found that 0*10 I'ler cent of sodium carbonate, 0*25 per cent 
of sodium chloride and as much as 0*75 per cent of sodium sulphate 
are the limits of tolerance for most agricultural plants on heavy 
soils. 

The analytical data on the project soils reveal that no carbonate 
was fpimd in any of the salts exanhned, bicarbonates alone being 
present in appreciable amounts. The concentration of sodium 

66a 
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clilonde and of bodiuin sul^)iiale verj rarely exceed llie luuitB laid 
ao\Arn Hilgard, in cases wiiere these limits were exceeded, ihe 
salts occurred onl^ at the hfth loot and m zones which are not 
normally reached b) the root systems of crops, in fact, high con- 
centration of salts was usually associated with the zone of gypsum 
concentration. The salts at this horizon in the gypfc^eous profile 
are mostly c‘alcium sulphate (which is not harmful at all), sodium 
sulphate and a little sodium chloride and magnesium salts; there 
are traces of bicarbonates, and caibonates are completely absent. 
Kveii in the non-gypsum piotiles, the gjpsum is leplaced by sodium 
chloride (not tJie carbonate) but the important point is, that in 
both the proliies the sodium salts are well within toxic limits, and 
art lurther counterbalanced b^ the presence of calcium in adequate 
amounts. 

hlrrhaiKjeahU' bases . — In assessing the changes that arc brought 
about in soils by irrigation, three values, arc impoiiant and these 
are, (1) the exchangeable bases, (2) tJie degree ol* alkalization and 
(3) the p.H. \alue. IMiese are correlated properties and give an 
insight into the (lucstion whether a soil is alkaline or not to assist 
the eH‘(‘(d of irrigation on it. 

'Die ex(‘liangeabje liases govern physical and phyKico-cheimcal 
properties ol tin' soil like absorption and retention of luoisiure, 
the availability of plant nutnents, tlje formation ol tilth and the 
faciliu for good cuiti\ation and even the kind of (*.rops that can be 
raised. The concept is based on tlie modern theory, that the clay 
iiactioii ol the soil is the most reactive and that it cuntairiH colloids 
of differi^nt composition. 'Diese colloids exhibit surface phenomena 
to a marked degree, the most important of winch is what is known 
as adsorjition. Hasu*, ions, residing on the surface on these soil 
colloids, arc capable of being exchanginl by other basic* ions in an 
ecpiivalcnt manner and the nature and extent of these ions on the 
surface decide tlie jiroperties of the soil. The calcium ions, for 
example, develop a crumb structure and enable a soil to be (uilti- 
vated over a wide moisture range and make it possible for a variety 
of crops to be grown. Sodium ions on the other hand, defloccuiate 
the soil, render it impervious to water and the roots of plants, and 
bring about soil deterioration to a degree tliat renders it unfit for 
crop growth. Other ions like poi/assium, magnesium, etc., bring 
about changes intermediate between those of calcium and sodium. 

The determination of exchangeable bases gives the total 
exchange capacity of the soil; from tlicse the degree of alkalization 
is calculated as the ratio of the monovalent bases to the total bases, 
l)0(h being expressed in the same units. The base ex(*hange (Opa- 
city of a soil is usually expressed as the number of milliequivalents 
per 100 grams of the soil. 

Deep black soils with gypsum showed an average capacity of 
46 to 60 milliequivalents — a high figure which denotes a soil wall 
supplied with exchangeable bases; those without gypsum had valuNM 
ranging from 45 to 65; the shallow soils, with and without gypsum, 
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from 26 to 35, while the red soils had very low capacit\ of less 
than 26. In other words, the black soils have a high base statug 
and the red soils a low’ one. Amongst the individual bases it was 
found that the suiii of the exchangeable calcium and magnesium 
is fairly uniform throughout the protile; the excliaiigeable calcium 
however decreases and the exchangeable magnesium increases with 
depth. As regards sodium, although tliere was a general tend- 
ency to increase with the depth, the order of increase was 
cliaracteristic of the ty})e of soil examined. In tin* gypseous profile 
the surface contained five to six milliequivaleiits with a maximum 
of ten to twelve in the bottom most layers. In the non-gj pseous 
layer, although the surface la^^er contained only five or six inilli« 
equivalents, there was an abrupt rise from the third foot down- 
wards, the amount in the lower layers being thrice that at the 
surface. Shallow black soils, did not contain much sodium, tlie 
highest amount being less than fixe'imlhecjuivalenls at all depths. 

Degree of alkalisation . — Working on the Punjab soils, Pun and 
others have sliown that there was a correlation between alkalization 
and crop yields, there being a fall in the yield with a rise in the 
degree of alkalization. As long as the degree of alkalization was 
within 25 per cent, there w^us not much effect on the sield, but 
higher limits from 30 to 40 have been found to cause maximum 
dispersion in soils, destroying their crumb structure and depressed 
the yields. The degree of alkalization is thus a measure of "-odium 
(a monovalent base) and the amount of (exchangeable sodium in a 
soil has been known to be a limiting factor in crop production. 

The figures calculated for the project samples regarding the 
degree of alkalization wi‘re very hopeful. Out of 91 samples exa- 
mined only two had more than 30 per cent and 87 had less than 
25 j>er cent. As a matter of fact, nearly three-fourths of the 
samples examined had less than even 20 per cent. These are well 
within the limits prescribed by Puri. 

p.H. value . — The p.H. value is a measure of tlie nature of the 
soil reaction, wdiether it is acid, neutral or alkaline. Generally it is 
due to the hydroly sable salts present in the soil and is chisel y con- 
nected wdth the degree alkalization and therefore also with cron 
yields. The figures obtained were however at variance from those 
of Pari in the Piinjah. There, he liad found that p.H. value increa- 
sed wdth degree of alkalization and m the rice soils of the I^injah a 
p.H. value exceeding 8-5 was also humd to decrease the yield. 
Tn irrigated soils under tlie Timgabhadra, however, even with a 
p.H. value of 9*5, the degree of alkalization •was less than 25 and 
the vields were' not affected. The Punjah criHu'ion does not apply 
to the project samples, probably because of the high lime status of 
the Tungahhadra soils; this high line content w’hile contributing 
its sliare to the raising of the p.H. value of the soil, kept the 
degree of alkalization at a low level. 

Other efiHnmtionfi . — The project samples were also examined 
for nther elemeptB like nitrogen, potash and phosphoric acid and 
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the results showed the presence of adequate amounts of available 
phosphate and a deficiency in the amount of nitrogen. 

Study of soil samples from the irrigated areas . — ^While thus all 
laboratory estimations on the project soil samples pointed to the 
irrigability of the black soil and indicated that no harmful results 
will accrue, consequent on irrigation, a study of the profile Samples 
drawn from the irrigated areas of the tract also confirmed the 
above findings. Thirtj -seven profile pits were examined under 
irrigated conditions. The irrigated soils of the tract fall under 
three heads : black clays, loams and sandy loams. In the upjcier 
reaches of the Tungabhadra near Hospet and Kampli, the soils are 
generally loamy; near Siruguppa and Knrnool the soils are deep 
black as also the soils under the Pedda Hagari river. Tlie tank 
irrigated soils aie of varied cliaracter and exhibit features in common 
with tlu* dry area in which they occur. 

Analytical data on the irrigated soil samjdes showed the influ- 
ence of the quality of irrigation w^ater applied to the soil. Under 
irrigation by Tungabhadra water, dry soils are likely to benefit by , 
having their carbonates leached out to /ones below root penetra- 
tion. As a matter of fact the excellent quality of Tungabhadra 
river water is one of the deciding factors for pushing the project 
through. The average total soluble salts of the Tungabhadra 
river, as determined during six months of the year was only 15 to 
16 parts per 100,000 while for Pedda Hagari and Chinna Hagari, 
the figures were 80 and 130, respectively. The water of the tanks 
of this area had also a higher salt content than the Tungabhadra. 
Further the Tungabhadra river water was free from carbonates 
and had very little sodium, while the other sources had appreciable 
amounts of sodium and carbonates. This accounts for the fact 
that while areas under irrigation at present under the Tungabhadra 
are maintaining good yields for the past several centuries, lands 
under the Hagari have develofied already symptoms of alkalinity as 
for example at Moka village. 

Conclnsioris — Summarized . — The results of the Tungabhadra 
soil survey and the* laboratory examination of the soil samples 
collected can now be summed up : (i) The soils of the project area 
fall into three distinct groups — the black, the red and the mixed; 
the irrigated soils which contain all these forn) a separate jj^oup 
by themselves. The occurrence of a zone of salt concentration 
as indicated by the presence of gypsum, has been em*ployed for 
further subdivision of the black soil group. ' (ii) Eighty per cent 
of the soils cxamined^were black, of which 58 per cent were deep, 
and 22 per cent shallow. The remaining 20 j>er cent were rhade 
up of red and mixed soils, (iii) All the black soils are clayey in 
texture, with single value constants all directly correlated with the 
clay content, (iv) The moisture retaining power of the black soil 
ranged from 65 to 86 per cent, (v) The permeability of the black 
soils iR low, but the presence of gypsum improves percolation and 
permeability. The red soils are very permeable. fvi> The, salt 
distribution in the top three feet is fairly low in all soils. Hie 
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maximum average salt concentration noticed in the gypseous soil * 
was 1*2 per cent, wlule the non-g>pseous soils, it was within 0*5 
per cent, often noticed after the third foot of the profile, (viij 
The nature of the salts indicate the absence of harmful salts oi the 
carbonate type. The other salts preseni are gypsum, sodium 
sulphate, sodium chloride and small amount of sodium bicarbonate. 
All these occur in concentrations not injurious to crop^. (viii) The 
black soils have a higli base status, with the exchange capacity 
ranging from 45 to 65 iiiilhequivalents. The soils have also a Iiigli 
lime status, so that the degree of alkalization is low, i.e., less^ than 
20 per cent in most cases. There# is a gradual i ise oi exchange- 
able sodium in the deeper layers, the red and mixed soils have a 
relatively lower base exchange capacity, (ix) Thep.H. of the soils 
ranges from 8*5 to 9*5 and this does not seem to affect crop yield 
or unfavouraldy influence the availability of the phosphate, (x) 
T'he soils contain sufficient available pliosphoric acid hut are defi- 
cient in nitrogen, (xi) The soluble salts in irrigation waters play 
an important [laii in bringing about changes in the soil characteris- 
tics. So far, 'rungabhadra irrigation has not brought about any 
harmful changes in the black soils studied, although other irrigation 
sources have produced unfavourable changes due to the formation 
of sodium clay. 

The issues at stake, consequent on irrigation under the 'Funga- 
hhadra project, are enormous, with, on the one side, the fate of 
a country condemned by nature to he one of scanty rainfall and 
w'ith a predominant soil of a nature hitherto considered unfa\oiir* 
able for irrigation and on the other, the equally enormous finan- 
cial implications of the sclieme. Wliile the magnitude of the issues, 
therefore, suggests caution, tlie volume of scientific data obtained 
by the Government Agricultural Chemist as a result of this survey 
led him to recommend to the (lovernmeut, that the black soil was 
irrigable with Tuugabhadra water without any harmful effects oD 
soil projwtieH. He, liowever, made the following suggestions : — ^ 

^Provision (if proper draimKje as ati adjuiud io the djstrihu- 

— While the natural drainage is good at almost all place's, it is 
essential that a system of drainage is provided to facilitate' the* easy 
removal iT all excess surface water and minimise the risk oi water- 
logging. Thest^ drainage systems should be se) arrangt‘d that there 
will l)e no jxmsihility for drainage water to find its w’ay into supply 
channels. The system of distributaries should have its corollarv 
in a system of drainage* channels, sufficient to carry away waters 
that drain from the surhice quickly and efficiently. The iinportance 
*of such drainage cannot be overestimated, especiallv in an area 
with a [KX)r sub-soil drainage, and one in which the drainage w’ater 
wall probably contain salts, leache*d out from the soil. 

A system of irrigatiev to obviate the indiscriminate use of 
water , — Tn the Nira valley canal in the Bornbay-Deccan. one of 
the causes that brought about alkalinity was the indiscriminate 
use of water in the earlv years of the project. This was later 
remedied, when a carefully regulated system of irrigation was 
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followed. The conclusiou that the black soils are irrigable should 
always be accepted with the rider, that they should be irrigated with 
care. 

In addition to the above reconimeiidatioiis,^ the proposal that 
the laboratory exaiuiiiation on the soil done during the survey 
sliould be continued in the field was put forward. It was proposed 
that such experiments should be conducted m ffitu in some locality, 
typical of the project area. This proposal was given effect to by 
tlie Government and the result was the opening »in 1937, of the 
Agricultural Keseaidi Station, Siruguppa. A detailed account of 
the work done at this Station will be found in another section. 

As a result of the soil survey and the lavourablt^ report the 
Governinenl xAgricultural Chemist, the Government w'ere con- 
vinced of the black soil being irrigable and afiproved of the starting 
of the project. The construction of the darn has now been taken 
up near Hospet and the W'ork is in progress. 

The Cauvery-McUur Project . — Tlie (‘auvery-Mettur project, as 
the name implies, has resulted from the impounding of the water3 
of the river Cauverv at ^lettur. The main objects of the project 
were (1) the provision of an assured supply of water to the old 
deltaic areas of Tanjore and (2) tlu^ extension of irrigation to the 
uplands of the district, comprising the taluks of Tanjore, Pattu- 
kottai, Mannargudi and Papanusam. This upland area enjoya 
copious rainfall but the soils are very jxirous and of low fertility. 
The jirelim inary survey of this area was done in 1934, and indicated 
the necessity for extended and intensive study of the soil before 
a scheme of development could be suggested. A detailed survey 
was, therefore, taken up in the simiiner of 1936. 

The project area and ciops . — In addition to protecting the exist- 
ing irrigation system in the Cauverv delta, the project was also 
intended to provide for the irrigation of 301,(k)0 acres of new land 
in the aforementioned taluks of the Tanjore district. The major 
portion of the area is homogeneous in respect of the prevailing soil 
types; the one exception is the countrj^ lying between the Grand 
Anicut and Tanjore and a portion to the north of the Grand Canal 
which shows a marked diversity from the other soils. Otherwise 
the soil in the area is a sandy loan> non-retentive of moisture. The 
water table is at 5 or 6 feet from the surface. Being situated 
mostly in the uplands of the district, the project area is^ more 
elevated than the delta, but it is an open plain sloping towards the 
east. No outcrops of rock are to be noted anywdiere in the district. 
The general slope of the country is from north-west to the south- 
east and the fall is so imperceptible that the whole tract looks 
almost flat. 

The drainage courses are further away from the irrigable area 
and most of the drainages are defective, the general contours not 
being favourable for efficient drainage. The high water table is 
another source of trouble, the area getting water-logged during tike 
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rainy season. The district has a fairly high aveiage rainfall, 
amounting to 45 inches per annum. 

The geology of the area is very simple; no visible sign of the 
parent rnck was met with during the survey. Over 90 per cent of 
the area is composed of a uuxture of laterite and red soils and the 
rest of either black or red soils, with a Kankar or quartz substratum. 

Only coaise, heavy yielding varieties ol rice were commonly 
grown in areas iriigated by the tanks. On dry lands, rice was also 
raised as a rainfed crop. With the advent of the project, coarser 
varieties are being replaced by fine strains and transplantation is 
taking the place of the old broadcasting methods. 'J4ie dry crops 
grown are, varagu, ragj. groundnut, sesuinum and bajra. On the 
black soils occurring in the north, cotton and coriander aiv also 
grown as dry crops. 

The field w:or/c.~ -The field work in connection with the soil 
survey was coimiienced in May, J936. The study of profiles and 
the collection of samples were completed by the first wt‘ek of June, 
I93fi. proj(‘ct rovers an extiMil of three lakii*^ of acres or 

roughly 500 square miles. Based on the results of the |)relinnnary 
survey of 1934, 4*2 profile pits were taken for study, which in addi-- 
tion to 14 taken in 1934, brought the total nurnbei of pirofiles 
examined to 56. The profiles were excavated down to lied rock 
or the wat(*r tahl^^lmt none (*xceeded a def>th of G to 7 feet. The 
wet lands under tank irrigation were also includ^^d in the survey. 
Tile total nnniher of samples (‘ollected was 223. 

Profile elamficiit ion ~-~ln almost all cases, the soils were deep, 
tlie jmrent rock not being touched, hut the Water table wlnidi 
occurred in some (*as(*s at a depth of three feet and less, limited the 
deptlis to whieli the profiles could be studied. Depending on the 
age of Wet irrigation, the soils could he di\nded into three major 
groups: — (1) The old wet lands; f*2) the new wet lands; and ('3) 
the deltaic wet lands. The profiles also sliowed differences in the.se 
three The old wet lands are those which have been under 

tank irrigation for a long time; the ^op tliree to five inches is sandy, 
followed by a layer of dark grey loam which show.s a tendency to 
dry to a hard lump. The lower layer is clayey or loamy, with 
varying t|nantities of ferruginous gravel scattered throughout the 
profile ; flu watei tabh' is at a depth of two to two and a half fe'^t 
and no distinct horizons are visible in the profiles of this group. 

llie now^ wet lands comprise the areas which have been 
included in the ccnimond of the pioject; some have been under 
wet cultivation for a short period and some others are awaitmg 
conversion into wet lands. The soils of these new wet lands, with 
?>articular reference to which the soil survey was conducted, may 
further he classified into four types : — ^Red soil. Red loam. Light 
loam, and Black soil. The first three especially light loatn. is the 
predominant soil tyqje of the tract. Tt is characterized hv the 
presence of a highly leached out sandy surface soil extending to a 
d^pth of six to eight inches. The subjacent layer is a hard crust 
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oi loaai very difficult to work and extends to a depth of six to eight 
inches ; below this again, soil is met with of a loose porus texture if 
the water table does not intervene. The soils of this type can be 
classified as deep, with the water table generally five to six feet 
below the surface. 

The black soils under the new wet lands contain black clay 
admixed at the top foot with kankar nodules and ferruginous gravel. 
In the lower layers these are absent. But after the fifth foot there 
are again plenty of kankar nodules. The water table in this profile 
IS generally six to seven feet from the surface. 

The delta wet land soils are entirely different from those of the 
old or new wet lands. The\ are all alluvial in ongin, being silty 
soils admixed with kankar. Deep cracks extending to a depth of a 
foot or a foot and half are often noted. 'Phe lower stratum below 
the third foot is a sandy loam containing shells, kankar nodules 
and yellow’ clay. The water table is at four to five feel from the 
^ urface. 

ljab(>rato)y examination , — The main laboratory examination 
consisted ot meclianicjal analysis, maximum moisture holding 
capacity and related physical measurements, the water soluhTe 
salts — itheir nature and extent, the exchangeable bases and the 
exchange (capacity, the hydrogen ion concentration" the lime require- 
ment and the <*hemical analy.siR of the surface sf)ils for nitrogen, 
potasli and phosphoric acid. The results of the laboratory exami- 
nation are summarised serially below : — (1) Mechanical analysis. 
In the old wet lands group, there is notk‘.ed a fairly uniform distri- 
hution of fine fractions throughout the profile, the general trend of 
results confirming that the soils are of secondary formation, deve- 
loped from the accumulation of eroded soil from the surrounding 
regions. 

The new wet land soils invariablx contain a highly leached 
zone at the surface* six to eight inches deep and the amount of fine 
fractions in this is onl\ 11 to 12 per cent. Th<^ subjacent layer 
consists of highly compacted soil witli 30 to 35 ]Wr cent fine frac- 
tions. The red soil contains the highest, the red loam the lowest and 
the light loam an intermediate amount of fine fractions, but there is 
a general tendency for the fine fractions to increaHe with dejith. 

The black soils of tlie new" W"et land g*‘Gup are heavy clays, 
containing over 70 per cent of fine fractions which here also 
increased with depth. 

The delta soils are characterized by tlie presence of high 
amounts of fine fractions at the surface, which decrease with 
depth ; the texture of the lower layer merges almost on sandy 
loam. Nowliere in the uplands is seen such an ideal mechanical 
condition of the delta soil. This distinctnesg in comfiosition wouU 
establish the individualistic formation of the delta soil, as opposed 
to the other groups studied. 



MEMOIRS OF THE DEPARTMENT OF ACSRlCULrURE, MADRAS 727 

Maximum water holding capacity .—The soils of the new wei 
land group which were particularly examined, did not show a direct 
relationship between the fraction content and the moisture held 
by the soil, probably because of the low amount of fine fractions. 
In general, the soils have poor moisture content and the retentivity 
of moisture is also very low. The figures obtained indicate that it 
is imperative to improve the moisture holding capacity of the soil, 
if irrigation is to yield any beneficial results. 

Water soluble salts. — The salt content of the red and loani\ sub- 
groups of the new wet lands is ver\ low and there is no danger 
of alkalinity arising from the salt content of these sods. In the 
soils of the old wet lands, howc\er, a fairh high salt (‘ontent was 
noticed in some of dn profiles examined; these WTue scattered 
occurrences and not general and can proliably be traced to irrigation 
with water from tanks. In Pattukottai taluk, the old wet land in 
'Kurichi and Papanad, showed a marked concentration of salt, and 
again in Maimaruudi taluk the pioliles examined at Vadavur, 
Parayanad and Adanur showed e\en higher salt concentrations. 
These jirofih^s \\er(‘ in hollows and tlie concentration w^as evidently 
due to the accumulation of washed salts. No such concentration 
was observed in an\ oj tli(^ new wet lands, but the oecurrence in 
the old \vv\ lands point to the importance of providing drainage to 
prevent stagnation ol watei and the conseijuent accnmnlation of 
salts through a period of years. 

The black soils show a gradual rise m salt cont^ent woth depth 
from about 0*01 to 0‘2b per cent. But tbe concentration even in 
the lower layer is so low as not to cause any harmful eilecls on die 
crops raised. The nature of eom|xuient salts was determined in 
detail wherever the total soluble salt content exceeded OT per cent ; 
it was notict*d that tbe bases other than sodium were absent, the 
bicarbonate and chloride of M»dium being predominant salts As 
the ijO'iU i\»*o»ect area iH's'^ess low moistm’e retaining power it 

i.s quite likeh tint the critical limit of concentration in sncli soils 
w^ould be very low. T'nless, therefore, proper precautions were 
taken, even tliis low amount may prove toxic to the crops raised. 

Exchangeable bases. — The soils of the new*^ w'et land group have 
very low exchange capneiry and are generally unsatiirated. Even 
within this group are noticed some variations: the red soils jx)ssess 
the highest while the light loam and red loam have the lowest 
exchange capacity, the range being fom I to 3-5 millieciuivalents. 
The exchangeable calcium is very low being of llu‘ order of one milli- 
equivalent while the other, bases are present in very insignific^ant 
amounts. The old w^et land soils have medium amounts of 
exchangeable bases averaging 21 milliequivalents with a fair amount 
of exchangeable calcium. 

The exchangeable sodium increases from the surface downwards. 
This partly explains the relative im|>ermeability of tlie deeper layers. 
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Under actual iSeld conditions the adverse effect of soda clay is mani- 
fested in the poor yields ol“ rice raised on tliese soils. The presence 
of large amounts of exchangeable sodium in this type of soil which 
appears to be otherwise well supplied with bases may have to be 
viewed with a little apprehension as this might obstruct the sub- 
soil drainage and gradually set up conditions for unfavourable ci*op 
growth. The black soil in the new wet land group is highly satu- 
rated with bases. Hie replaceable ealciuin is present in large 
amounts and decreases with de])tli. With a decrease in calcium 
tliere is noticed a corresponding increase in the magnesium and 
soiiium content. 'Phis would connote an unfavourable character of 
che deeper layei* and with the application of water the soil may 
develop a tendency towards the formation of soda clay. The delta 
soil has a fair exchange capacity but not approaching that of the 
black soil. The soils are fairly well supplied with exchangeable 
calc'ium and the replaceable sodium is not present in high amount. 
Excepting the black soil, none of other soils in the Project area 
possess an exchange capacity comparable* to that of tin* delta soil. 
This indicates the ideal conditions of the della soil and incidentally 
the line of atliu’k that will liave to be f>ursue(l to improve the soils 
of the tract. 

Tt ma> be stated in brief that the great majority of the soils 
in the upiands have a low base status which is mainly due to their 
low content of fine fractions and to the peculiar nature of the clay 
complex. 

Hydrogenion conrentralion , — The p.Tl. values of the soil varied 
in general witli the degree of saturation. The soils of the new wet 
land group have their pH less than seven in conformity with their 
low base status. Hie r(*d soils have a pH of nearlv seven. The old 
wet lands, the black and the deltas soil have a higher pH with a 

tendency towards rise with depth. 

/ 

Chemical anahjsi<i and lime requirement . — The new wet land 
^oils ure poorlv supplied with all the essentia] plant foods. The oW 
wet lands, though poor, are .slightly better while the delta soils 
are also poor as seen in the delta survey, being supplied only with 
potasli. The lime re(|uirement examination indicated that a quan- 
tity of about six to ten tons per acre of calcium carbonate applied 
at the rate of about three tons per annum for two or three years 
would be required for the new wet land soils. The results of the 
soil survey are definite and may he summarised as follows : — 

The. main soil tyi)e met with in the coinmond is the light loam, 
which occupies about 9.5 per cent of tlie.area, the rest being black 
soil. These light loams are sandy or sandy loams, with low moisture 
holding capacily, low base status, low fertility and low lime status 
— all conditions unfavourable for plant/- growth. 

Baaed on these results two definite recommendations can be 
mnde, one on manuring and the other on drainage. 
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Manuring . — it is cbseiitial that the fertjlit) oi' tiie bojl should be 
miproveU, i'he soil as already pomted out is a saud)^ loam not very 
reieiJtJve ol inoistui'e and with a low fertility status. The main 
plant hxd elements, nitrogen and phosphoric acid, aie in deficit 
and these must be added in liberal <jiiantities. The light, porous 
nature ol the soil makes it imperative that organic matter be added 
to make the soil more retentive ol moisture. Another urgent iieces- 
ait/y is the addition of lime to the soil. Jo recommend .mmediate 
heavy apphcalion of matiure as well as ol lime is a counsel ol* per- 
f(^ction. It cannot be expected that such application can be 
uricxipted 111 the whole area at »mcc‘, on a scale (o really benefit 
the soil. A' \er3 much more leasible plan will be to attempt to 
build the general tertililv step by step. To do this, it is recom- 
mended that vigorous ])ropaganda must be carried out to encourage 
the grow ing ol green manure crops. It is also recommended that 
experiments on the actual lime reijuiremeui ol the sod lie uuder- 
Ukeii at lilt* Agricultural Kesearcli Station, Paltukottai to give 
moix definite information than the laburator} tests indicated. 

Ih'iinuKjr —Tilt' eountrv is one of low’ gradient, the fall being 
aiHUil lliret* feet in tlie mile. Such gradients would teiul to cause 
stagnation ol watei m hollows and danger from salt concentration 
us woirt seen m <» lew (Mst's in tlu' old wet land.N. In any irrigation 
projt'ct It Is de->irabl(* that a s^.>lt‘m <»! drainage is imduded side by 
side with iht' suppl\ channels, and m iht' case of the ('aiiverv- 
Mettur Projet l atea. is all the more important on account of the 
low’ gradu'nt and Iht* natun* ol the soil. Trouble has 

occuiTed 111 other project areas lor example, the Tohidur in South 
Arcot and Kattalai liigli level channel area m Tiruchirapalli 
wdiere ulkahmty has arisen owing to impeded dramagt^ and it is 
recommended, therefore, that step-^ b<‘ taken to ]>rovide suitable 
drainage in the areas wMli i>iitfa!!s into the natural drainage of the 
eountrv. 

Based merely on tliese re>iilt'> ol the sod sur\e\ no definite 
recommendation can l>e made regarding an\ alternative svstein of 
cri^pping for the area. 'The survex had shown that the fertdity of 
the sod must he first luiilt up and meanwhile suitalde experiments 
have been laid out at the Agncultuial Research Station. Pattnkottai 
to study smiahle crops and their reactions t(* the conditions of the 
project area. 

The Cundlnhinuna Project . Tlic n\er Gundlakaimna takes 
its rise in the Kurnoul district parth as a drainage fnari the 
(’uinbuni tank. T'hc catchmenl of 1 Ih‘ river appears to be mostly 
in the region of the rocks of t!ie KurntHihCuddapah formatum, an 
area of luoderAte raii'fall. The site of tlie proiX)sed dam is at Tangi- 
rftla about four miles upstream from Gundlakamma Railway Station 
on the Bezwada-Crunlakal line. The dam is for storage pnrpo.ses 
and it is proposed to lead the water to the anient at Janumala- 
medaka for distribution from a canal at Kotikalapndi, about two 
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miles south-east of Addanki, m the Ongole taluk. The river 
Guudlakauima falls into the sea a few miles from Ongole town. 

Topography , — The topograpliy of tlie command, which is mostly 
in Ongole taluk of the Guntur district, is generally flat with con- 
tours running roughly norlh-west to south-east. There are a few 
isolated hillocks of granite and quartzite in the north and granite 
schists in the east. The southern part bSlweeii Ongole town and 
the sea is sandy and flat, especially near the coast, where there are 
many large tanks supporting w^et cultivation; the rest of the area is 
saline dowui to Buckingham canal. 

FieM work , — The survey was started in the month of March 
1937, the main Object of tlie soil 8Uj*vey being: (Ij The investi- 
gation of the soils of the command, (2) the suitability of the soils 
for wet cultivation, and (3j the quality of Gundlakainina river water 
for one full season. 

While the method ol soil surveying was the same as that in the 
Tungabhadra Ihoject, it would be noticed that the objects were 
slightly diflVreiit. The Tungahliadra Project w’as essentially a pro- 
tective scheme, and furthei . dc'ubts regarding the irrigability of 
the dry black soil had to be set at rest. There was no apprehension 
about the quality of Tungabhadra water. The Gundlakainina Pro- 
je(*t was loi pnuluctive purposes, to bring tlie land under wet 
cultivation and the river waiter wa.^ not so good as that of the 
Tungabhadra. 

Sixty-four pndile juts weie dug in the command area at con- 
venient intervals, ami 396 samples were collected at an average ol 
one sample jier foot fioni every six feet profile depth. 

Climate and crop.v, — The annual rainfall of the area Is about 
28 to 30 in<*hes, of whieb the south-west iihuisoou contributes 
10 to 11 inches while tlu‘ north-east about lo to J6 inches, there 
being very little rainfall assf)eiated with the inter inonsiK)n period. 
The area is subject to lieiw rains lUiring the passage of cyclonic 
storms in the Bay of Bengal in the months of September to 
November. The staple crops of ilie area are dry croj^s, mainly 
v^aragu and sorgliurn, other important crops lining tobacco (area 
under which is largely increasing), chillies, groundnut, bajra. 
setaria, cotton, horsegram, gogu, castor, sesamnni and coriander. 
Rice is grown under tanks in a h*w plaei’s like Mainainpadii, 
Krlalur, Pel lure and Alluru. 

The condition of the cattle is generally good and the pastures 
of the tract are of good quality. In fact the tract is important for 
its liv^estock grazing and the Ongole breed of animals has a great 
reputation in the country. 

Geofogy.— The major part, of the command is alluvial in origin, 
overlying a gneissic complex, the gneisses at places being schistose 
and at other places micaceous. Quartzites occur near Pemamitta 
to the east of the command and near Ongole give rise to red soils. 
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Laterite liaa been observed in the river beds. Large areas of blown 
sand are to be found near tiie sea coast covering the black alluvial 
soil. The water-table throughout the area is fairly high anfi parti- 
cularly near the channels it rises to about four to five feet from 
ground level. 

Soil profiler — Classificafi 07 i--Tho soils may be classified into 
four main classes : (1) Black soils, (2) iiuxed soils, (3) red soils And 
(4) saline soils. The black soils vary in depth from three to eight 
feet and in colour from gi-ey to broun. Though the surface soil 
resembles that of Bellarv on account of the cracks developing 
during summer, there is no zone of salt concentration and gypsum 
18 usually absent ; in some localities where it occurs, it is found 
not in one horizon as in the Tiingabhadra profile but scattered 
througlioiif the profile, as small crystals. The blai‘k soils are clay 
loams or Jieavy (;lays, (he mixed .soils ai'e mostly loamy and the 
red soils sandy loams. 

'J'he saline soils though classified so separately do not repre- 
sent any {>art1cular tyi>e but have been rendered saline by water 
from drainage channels. Surlace drainage is generally good, being 
directed towards the Gundlakuimua and the sea, but owing to 
shallow contour and high water-table stagnation of water occurs 
during the rainy season, especially in the salt swamps near the 
Buckingham canal. Much of the land under tanks in alkaline 
with low drainage cafmcily, haMiig been damaged by sodium from 
the tank water. 

There is one niiiin drainagi* Mudigmidi Kni running parallel 
to (he (riindlakamma slightly to its ^nnth and flowing into the 
salt swamp near Alhiru. This drainage lias given rist* to saliin^ 
soils, in a belt on both sides of the drainage. The soils in this 
belt are highly saline and the salt sAvamp has no other vegetation 
except halophyte specimen called Uppahu, Tt is rejKirted that 
adjacent lands get sixiiled by saline sand l>lown from this region 
during windy weather. Such lands can be seen near Throvagunta 
on the Ongole-Guntur road. There is oiu‘ other drainage the Nalla- 
vagu to' the soutli of f^ngole which has also developed a saline area 
along its banks and which also einpti(*s into a salt swamp; but 
this swamp is less developed than the one covered by Mudigundi 
Eru. ' ‘ * 

Laboraiory exa^ninatjon . — ^fhe laboratory determinations on 
the samples collected during the survey were similar to those done 
for the Tungabhadra project area and the results of the analytical 
examination are .summarised below. 

The greater part of the command to the north of Ongole hm 
salt content of up to 0*1 per cent in the first three feet and also 
in the second three feet; in other 'words, the salt content is uniform 
upto a depth of six feet and does not show any increase with depth 
as in the Tungabhadra project samples, but the concentration Of 
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hanofol salts is not present in any de^ee liable to cause tlamagia 
to crop gFOwOi, nor is it likely to cause damage to the soil by 
riang to the surface after irrigation. In this demarcated area 
mugbly represMiting the wet scheme area, the profile does not 
ha^e any marked features because of its alluvial nature. This 
area can be demarcated by a line running Rorth (A Ongole town 
parallel to the sea and it is this area alone which can be decdated 
ae «iitaUe for wet irrigation. 

The area south of this line and that along the Mudigundi Era 
with its saline strip, is unfit for irrigation, especially a ‘ dry 
scheihe ’ because the soils have a high salt content over one per 
cent. The salts are all ^ium salts ; further, due to a high water 
table the soils are all ill-drained. 

The mechanical analysis of the sample showed that the soils 
of the upper part of the area are generally clay loams with 60 to 
65 per cent of fine fractions while the soils of the lower part 
are heavy clays with a high water holding capacity. 

The soils of the conunand have a fairly high amount of ex^ange- 
able bases, the total base exchange capacity being 30 to 40 milli- 
equivalents, in most samples. Of this, more than half is calcium 
and except in the saline areas, the degree of alkalization is well 
bdow 25 per cent. 

The pH value of the soils was high, between 8-5 and 9 0 but 
as seen already in the Tungabhadra project samples, this need not 
be a deterrent to crop growth. The chemical analysis showed the 
surface soils to contain adequate amounts of the essential plant 
foods, nitrogen, potash and phosphoric acid. 

All these examinations being favourable, a periodic examination 
of the water from the river Qundlakamma for one full year was 
also done, since there is a belief among the ryots of the area that 
the water of the Gundlakamma is not fit for irrigation. The 
analysis showed that the total salt content of the rivw water varied 
from 16 parts per 100,000 during the floods to about 70 parts in the 
dry months of the year. Since the period during whidi the water 
will be stored will be that of the maximum discharge in the river, 
that is, the flood period, it is reasonable to expect that the water 
supplied will have a composition mostly resembling that of tire 
flood water and at any rate the average salt content may be pat 
down at 30 to 40 parts. Though the water was not of ideal quality 
for irrigation like the Tungabhadra water, there is no reason to 
apprehend harmful effects, by irrigation (rf land for wet crops. 

Conclusions. — Based on the soil survey, the dtservations made 
daring the field work and the laboratory study of the samples of 
the ami and water ccdlected, the following conclusions could be 
anfiv^ at ' 

Of ^e two M^emes ]»roposed for this am, wet and the 
iff tehenie, tike wet sdbeme is more feaaiUe. The aoUa with their 

A«1l.*~67 



734 MBMOlBS OB TflE DEBAatMENT OE AOElOtnyfUBB, MAO&AE. 

characteristic physical properties and their high fertility status will 
respond favoui^ably to wet cultivation. The water of the Guodla* 
k^ma though not ideal — since it contains sodium salts — ^for iiTiga> 
tion purposes, is not likely to produce ill effects in wet lands. But 
not all the area of the command is fit for wet cul^vation. The 
most suitable is the upper part of the command beginning at Eoti* 
kalapudi down a line miming parallel to the sea coast, a few miles 
north and north-west of Ongole town, and above the saline area 
induced by Mudigandi Eru and Nallavagu. 

One precaution is necessary for this wet cultivation ; manuring 
with bulky organic manures like cattle manure and oil cakes and 
the growing of green manure crops should be adopted to minimiaa 
any possible ill-effects of the continuous application of Gundla- 
kamma water for irrigation. Provision should also be made' for 
draining the surplus water into the natural drainage of the country. 

The Toludur Project . — The Toludur Project, whose resOTvoir 
has been subsequently named the WUlingdou Reservoir, is in 
Vridhachalam tahik of South Arcot district. The reservoir has been 
built at Kilcheruvai village, intercepting the course of a wild 
stream known as Periya Odai, which formerly was functioning as 
a drainage channel. The stream which takes its origin somewhere 
near Salem, is one of the main feeders of the reservoir and being 
a torrential one, has, it is alleged, the capacity of filling up the 
reservoir with one fresh, following a rainfall on the hills. There 
is a second source of supply to the reservoir from the Vellar river, 
through the main channel from the regulator built at Toludur 
village; but this supply is allowed only after two anicuts lower 
down the river, Pelandurai and Settithope, have had their needs 
fully served. 

The reservoir commands an ayacut of ‘2G,851 acres under wet 
crops, most of which lies in the Vridhachalam taluk. The soil 
survey of this command serves as a good example to illustrate how 
a systematic and scientific survey could set at rest, points of dispute, 
about the suitability of an irrigation source and the land com- 
manded by it, for raising wet crops. What happened j was, that 
after the construction of the reservoir, the Government wished to 
reclassify the lands and provide field channels for irrigation. There 
was some objection from the ryots to this especially to the reclassi- 
fication of the lands, which would result in a charge of wet assess- 
ment for them. There was therefore a tendency on Iheir part to 
exaggerate their previous income and minimise the output after 
the reservoir came into existence. 

One of tlieir main contentions was that the Periya Odai s&eam, 
which was the main source of Bimpiy to the reservoir, was salt l ad « n 
and caused injury to crops. Ihey also claimed that nlore water 
should be given to their crops, tl»n was then allowed « | u d « T the 
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reservoir; otherwise, there would be no justification for reclassify- 
ing their lands and charging wet assessment. Government there- 
fore ordered that the question of the saline nature of the irrigation 
water and its effect on the lands of the area should be examined. 
A soil survey by the Government Agricultural Chemist was the 
result. 

The survey was made during the month of March 1935. Eight 
villages were selected from tlie area and from these 32 soil samples 
were collected. The profiles were examined only to a depth of 
three feet and from each profile pit, three samples were drawn. 
In addition to the soil samples 11 water samples were also drawn 
for analysis. These were* from (1) the actual irrigation system at 
different places, (2) from the Periya Odai and the Vellar river, 
(3} from a tank Tivalur eri into which one of the main distributaries 
emptied, and (4) from drainage channels near Tolar village, near- 
which was reported to be the worst affected lands. Monthly samples 
of water were also drawn for a period of one year, from the reser- 
voir, the Periya Odai and the regulator in the Vellar river. 

The samples of soils and waters were examined in the lal)ora- 
tory for the usual estimations. The soils were found to be clay loam 
with an average percentage of 55 of fine fractions, of which the 
clay alone was about 40. The maximum moisture holding capacity 
ranged from 17 to 04 per cent ; the porespace and the hygroscopic 
coefficient similarly showed the clayey nature of the soil. The 
examination for total soluble salts — their nature and extent — 
showed that in this area, the salt content in the top three feet is 
between 0 05 to 01 per cent — a low figure. 

But the calcium salt.s were low* and sodium salts were predomi- 
nant, chiefly sodium bicarbonate. In many of tlie samples calcium 
salts were completely absent, sodium salts making up the entire 
total. The figures indicated that while the content of total soluble 
salts is low, the presence of sodium salts might lead to concen- 
tration in the course of years, if drainage is not good. 

One particular sample of soil analysed threw some light on this 
aspect. This sample had been drawn in a dry area, whicli had 
not so far received irrigation. The total soluble salt content of this 
sample was 0*8 per cent at the surface layer and more than one 
per cent in the third foot. In a sample drawm from the wet area, in 
the same village Tolar the surface samples had more salts than 
the bottom. At the time of sampling it had been noted that there 
was no water at a depth of three feet. Evidently, with irrigation, 
the water level has risen, bringing with it, the salt from the lower 
layers to the surface. This example would serve to show that if 
drainage is not provided, there are chances for concentration of salt 
at the surface, in course of time. 

The examination for exchangeable bases also confirmed these 
findings. The total exchangeable capacity is between 20 and 30 
milUeqnivalents and sodium is the predominant base. The degree 
of alkalisation in the first and second foot samples was also high, 

" A,M.— -67a 
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being in some cspses over 60 and up to 92. Particularly in T<^r 
village, already referred to, the exchangeable sodium was very 
high. The pH value of the soils was over 8 0 showii^ tiiem to fa« 
alkaline; and as the lime status is very low in these soils, the degree 
of alkahzation has become very high. 

Chemical analysis of the samples showed the surface samples to 
be fairly well supplied with plant food elements although there was 
deficiency in nitrogen and organic matter ; one point elucidated in 
the course of the chemical analysis was, that in these soils, total 
soda was rather in excess. 

While the examination of |the soil samples thus led evidence to 
show, that with bad management, the soils are likely to develop 
alkalinity, the examination of the water samples showed that there 
was no justification for the ryots’ behef that the water was salt 
laden. The water samples from the distributaries showed a total 
salt content of 26 parts per 100,000 which calcium and sodium salts 
in equal proportion. It would have been ideal to have larger {»x>* 
portions of calcium salts in these waters. Still, this water connot 
be expected to have any adverse effect by itself, unless it be that 
the nature of the land irrigated is very alkaline or laden with 
sodium and is without proper drainage facilities. On the other 
hand, with proper drainage provided, this water might wash out the 
harmful salts from the soil itself. 

The reservoir water shows the same analysis as the samples 
from the distributaries. The samples from the Vellar river and from 
Perya Odai have higher salt content, al)out 40 to 60 parts respec- 
tively. Even the sample drawn from the drainage channel at Tolar 
had only a total salt content of 82 parts, which is not a high 
figure for a drainage sample. But as the sample contained over 
70 per cent of sodium salts and chiefly as the carbonate, it shows 
that the drainage is likely to contain salts leached out from the 
surrounding area and unless led out into proper channels, is likely 
to increase the salt concentration of the surface layers of the ioil. 

The soil survey thus showed, that the chief cause of trouble in 
this area was defective drainage. If this is imfu'oved, the lands 
could be safely cropped with wet crops and reclassified as wet lands. 
The drainage facilities in the area are inadequate and unless 
measures are taken to remedy this defect by constructing opw 
drains, any amelioration to correct the soil will be of no avail. 
The alkaline areas in the command have all beei^ observed only in 
localised patches fonned as a result of seepage water sfagnatiag. 
Eothattai and Tolar villages are the two that appear to have bsoB 
most adversely affected. Application of organic matter, prefen^ 
green leaf or manure must be done to the soils al a dosage w 

I, 000 lb. per acre. In addition, the soils will benefit appl^tion 
of Ume or gypsum at about dight to ten cwts. and sulphur at about 

J. 00 to 200 lb. per acre. 
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It is generally noticed that the lands at the tail ends of the 
gyatem are more affected than the others. This may indicate a 
general insufficiency of water supfdy to these areas. An adequate 
supply of water will not only keep the salts in the lower regions, 
but even wash out harmful salts from the surface. It may there- 
fore be stated, that with a liberal supply of water allowed and with 
a more thorough drainage system the yielding capacity uf these 
lands may be kept up. 

The Gandikota Project . — A perusal of the accounts of the special 
soil surveys in connection with the several irrigation projects afore- 
mentioned would have convinced the reader of the need for a 
scientific and systematic examination before a new area is to be 
brought under irrigation. It would also have been noticed that in 
practically all the above cases, the results of the soil survey were 
encouraging and the Agricultural Chemist could recommend the 
inauguration of the projects, although with precautions like manur- 
ing and drainage being provided. One case which came under the 
purview of the Chemist where he had to give adverse opinion on 
the proposed irrigation scheme was the Gandikota project. It is 
at Gandikota, there is the famous gorge, through which the river 
Pennar flows towards the east and the proposal was to erect a dam 
near this gorge and utilise the flood waters of the Pennar for the 
raising of dry crops in Cuddapah district. This tract also, like the 
Tungabbadra Project area, is an arid one, with scanty rainfall 
and it was considered that a similar attempt as on the Tungabhadra 
might be made on the Pennar although on a small scale. The 
scheme was thus a protective scheme and the tract proposed to 
be ben^ted was in the Jammalamadugu taluk of the Cuddapah 
district. There was even a proposal to open an experimental farm 
to study the effect of ligjit irrigation on the soils, with Pennar 
wa£er. 

As a preliminary, soil samples were collected from eight typical 
jvofile pits in the area, comprising Jammalamadugu and adjoining 
places. The flood waters of the Pennar river were also analysed 
periodically. 

Laboratory examination of the soil samples showed that the 
soils which were black were highly clayey except along the banks 
of the river, containing over 60 to 70 per cent of fine fractions. 
While thus they resemble the Tungabhadra Project samples in 
their clay content, there was a marked difference in the total soluble 
salt content. Analyses showed the Gandikota soils had a high sail 
content even at the surface and this increased still more with depth. 
It was farther seen that sodium carbonate wasjhe predominant salt 
in these soils which had a very low lime status and a high pH 
valae-~nme. 

The Pennar water too was not of good quahty, as it contained 
over 190 parts of salts per 100,000 and of these, the carbonates 
and dhlorides of sodium were predominent. In view of these 
featores, a verdict was given against the project. It was in fact 
pointed <mt that the nature of the water and the soil would in 
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combination create a very serious problem and indicated the need 
for extreme caution in the introduction of irrigation in this area. 

Soil survey for fruit development in the Ceded districts. ^With 
a growing recognition of the value of fruits in the nations* dietary, 
the need has been felt in recent years to find out fresh areas that 
are suitable for new orchards. In the Ceded districts there are at 
present several areas where citrus gardens flourish and fetch good 
returns to the owners, and a soil survey was ordered by the Gov- 
ernment in 1946 to assess the suitability of the following areas in 
the Ceded districts for fruit development : — 

Bistrlot. Taluk. Ana. 

1 Bellary •• .. .. Kudligi Kotiur-Ujjainie 

2 Kumool .. •• Sirvel •• Rudravaram. 

8 Do. •• •• .. Cumbum .. Giddaliir-Piguvametta. 

4 Cuddapah Sidhout . • Vontisiitta valley. 

i Do. Rajampet. . Kodur firka. 

The scheme was sanctioned as part of the Grow More Pood 
Campaign, half the cost being met by the C'entral Government. 
The field work involving the collection of soil and water sample 
from the five areas were carried out during August to November. 
Eighty profile pits were dug and 426 samples of soil and 51 samples 
of water were collected and complete descriptions of the soil profiles 
and other relevant details were recorded. Based upon these and 
the laboratory examination of the samples, the suitability of these 
areas for fruit culture was assessed as given below : — 

• Kottur-Ujjaini area. — The red soils on the area which lies on 
either side of the Kottur-Ujjaini road are derived mainly from 
granites with pegmatite veins; Over the greater portion of this 
area, the soils are shallow not exceeding two to three feet in depth, 
although in the valley lines they are deeper (five to seven feetl 
and reddish brown in colour. They are also full of stones and 
gravel which range from five to ten per cent of the sample. The 
water table is very low at a depth of 60 feet and irrigation wells 
are few. This water is in addition very brackish and contains over 
1(X) parts of total salts per l60,000 nearly half of which is in the 
form of sodium salts. This area is not suitable for fruit cultivation 
as the soils are too shallow, water table tof) low and thp water 
brackish. 

Rudravaram-Sirvel area. — Eudravaram is situated at the foot 
of the Nallamalai bills and is about ten miles from the taluk head- 
quarters, Allagadda. The soils in this area are mostly derived 
from the Cuddapah formation. They are brown loams overlying 
a yellowish sub-soil having a higher proportion of clay. Often 
ferruginous gravel is found in abundance in the deeper layers. In 
and around Sirvel the soil zone extends to about three or four feel 
but in Eudravaram area sufficiently deep soils are met with. .Here 
the texture is sandy loam to loamy. Ti^ereas the water at Sirvel 
is rather high, being less than five feet, it is snffioiently low in 
Eudravaram, at a depth of 20.to 30 feet. A number of new omharda 
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have come into existence near Sirvel in recent years on account, of 
good returns from oranges but in view of the high water table in 
this area and insufficient drainage, the life of these gardens may 
not be long. From the survey it was found that both in Sirvel 
and Budravaram the quality of irrigation water was quite good as 
the total salts rarely exceeded 50 parts per 100,000 and had also 
a good proportion of calcium salts. The Budravaram soils are sandy 
loams which are more open in texture than the Sirvel soils. The 
tract gets an annual rainfall of 22 inches, mostly in the north-east 
monsoon. 

In spite of the fact that the orchard area is extending round 
about Sirvel, the survey indicated that Budravaram was a better 
area for orchards, on account of the greater depth of soil, better 
drainage, depth of water table and the quahty of the water-supply. 
The main handicap is its unaccesibility due to lack of good roads. 

Gidialur-Diguvametta area . — Here too, the soils are mainly 
derived from Cuddapah formations with abundant calcium reserves. 
Near Diguvametta the soils are shallow but increase in depth 
towards Giddalur. The drainage is generally good except 
in certain areas like Kanchipalli. Except near Diguvametta, 
loamy soils of sufficient depth for fruit cultivation, five to six feet, 
are met with on either side of the Kurnool-Guntur road. The 
main drawback is lack of water as the water table is at a depth of 
50 to 60 feet and the cost of sinking wells is high. On account of 
this no large scale development of the area is jwssible. 

Vontimitta area . — This is an area where fruit culture has 
already made good progress, Vontimitta oranges being well known 
for their quality and colour. The average rainfall is 32 inches 
mostly from the north-east monsoon. The soils are derived from 
sand stones, but due to considerable erosion stretches of good soil 
are not extensive. The colour of these soils varies from red on 
the hill slopes to grey on the remaining areas. Most of the soils 
contain high proportions of stones and gravel. The water table is 
high and good quality water is available even in summer. Labora- 
tory tests show^ that the soils are sandy loams w'ith good drainage 
wid well supplied with potash and lime. The quality of water was 
very good as the total soluble salts were only 11 to 40 parts per 
100,000 and contained very little of sodium salts. The chief 
drawback in this area is that due to erosion large stretches of good 
soil are not available in continuous blocks. 

Kodur area . — Kodur is well known as an important fruit 
producing centre and is famous for its mangoes, limes and oranges. 
There are nearly 7,000 acres of oranges and 10,000 acres of mango 
gardens in Bajampet taluk, most of which is in the Kodur area. 
The rainfall is 88 inches, well distributed between the two mon- 
soons. The outstanding feature in this area is the deep red soil, 
oi toon than eight feet depth in places with excellent drainage. 
The soils are mainly derived from quartzite and are in general red 
or reddish brown in colour and uniformly loamy in texture down to 
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eight feet. B^ng 4erived from quertzite the soifai u« poor io 
plant food (^ntents and oontain very bvr amounts of nitrogaa, 
potash and lime. The watw table is at the ideal depth of 20 to 95 
feet, the quality exo^knt with only 30 to 40 parts of total salts in 
which oaloiom salts {Hredominate. The drainage also is good and 
as such all conditions are favourable for a considerable extension 
of fruit ooltore in this area except in a small area in Settigunta 
where the soils are very pom and the water table also very low. 

Summarising toe results of this survey it may be said that the 
only locality where fruit cultivation can be extended is the Eodur 
where all ooBditions are favooraUe. bi Yontimitta, isolated 
patches can be converted into orchards and in Budravaram also if 
road communications are improved. The Kottur and Giddalsr 
areas are definitely unsuitable. 

Soil survey of the Cyclone-affected areas in the North-East 
Madras Coast . — disastrous cyclone struck the North-East Coast 
of Madras in November 1946. Meteorological records show that as 
many as 214 cyclones developed in the Bay of Bengal during too 
peri^ 1688 to 1886 and on an average one cyclone occurs almost 
every year though the intensity is seldom so severe as it was in 
1945. In this year the storm wave was quite an extensive one 
covering a stretch of 150 miles along the coast from Masulipatam 
to Pori. Soils over large stretches wore rendered unfit for cultiva- 
tion and the water in tanks and wells became brackish by contami- 
nation with sea water. As one of the measures of cyclone relief the 
Goveminent of Madras sanctioned in November 1946 a scheme of 
Soil studies in the area inundated by sea water, to assess toe nature 
and extent of damt^e to toe soils and to see what steps could be 
taken to render such lands fit for growing normal crops once again. 
After traversing the cyclone affected area, 423 samples of soils and 
M samples of water were collected for analysis. It was observed 
in the course of the survey that the coastal lands were inundated 
directly by the tidal waves, while the higher lands on the delta 
suffered an indirMt inundation. The storm waves rolled over the 
Godavari and raised toe level of water in the river, which was 
a^ady in spate on account of heavy rains in Hyderabad, by neariy 
six feet and as a result the river overflowed its banks and inundat^ 
the whole deltaic area. The river water mixed with sea wafer 
damaged large stretches of fertile lands and the standing crops. 
The coastal ams, vritere toe inundation was by sea water, suffered 
even more as the high salt content of 8-2 per cent not only ruined 
the standi^ crops (rf sugarcane, rice and bananas but also left 
behind toxic amounts of s^ts in the soil. Bice crops that got 
merged in sea wator were idl destooyed by toe high salt content 
besdes rotting due fo prcdonged «tibmwg«ace. The toil end flu d d v 
suffered most in the uphmdB even toough the crop did not die 
completely. Its metaboUam wae disturbed and toe survtvhto 
plants failed to set gitona. The straw got blackened and 
BO saltish thaf apimals refused to cat it. From nummoto fidfll, 
where toe ncwmal yield was from 10 to 15 bags ot riee, the yjaids 
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were as low as one or two bags of immature grains unfit for seed or 
human consumption. Bananas and sugarcane got badly lodged 
Huad damag^ by submergence and even coconuts which can tolerate 
salinity, suffered because the salt concentration was too high and 
gave only very poor yields. 

The analysis of soil samples indicated that sea water had 
soaked into the first as well as the second foot of the soil. The 
total salts ranged from 0-03 to 5 ’92 per cent of which 70 to 90 per 
cent consisted of common salt, i.e., sodium chloride. Analysis of 
irrigation waters were also carried out to determine their salt 
content and see how far they could be utilised fcsr leaching out the 
excess salts by flooding and draining off. It was found that the 
Godavari water contained very low amounts of salts and in addition 
there were mostly calcium salts as well. The water was therefore 
hi^Iy suitable for the reclamation of inundated lands. Further 
analysis showed that the composition of the water flowing in 
different channels and in different seasons of the year was practi- 
cally the same. It was also noted that the maximum amounts of 
salt were leached out of the soil by allowing the irrigation water 
to stand in the field for a day or two and a longer period was not 
more helpful. Repeated flooding with moderate quantities of 
water at short intervals and draining away was thus more effective 
in removing most of the salts than letting in water continuously or 
in large quantities at long intervals. By such methods it was found 
that nearly three-fourths of the total salts in the upland areas, and 
about 20 per cent in the tail end area were washed out during the 
dalwa or second crop season in 1946. If better drainage facihties 
had been available in the tail end area it could also have been 
reclaimed more effectively. 

Incidentally the salt tolerance of different varieties of rice was 
studied both in pot experiments and field conditions. The variety 
SR 26 was found to be the most saline tolerant among all the 
varieties tested. Such of the fields as contained a greater concen- 
tration of salts than the critical limit of 0‘26 per cent required 
more water to dilute the salts to a level tolerated by the variety of 
paddy that is to be grown therein and this dilution should also be 
maintained throughout the growing period of the crop as otherwise 
it would get scorched. Pulses and legumes failed to grow even in 
the upland regions where the salt accumulation was very much 
less. 

Another line of investigation was to see if the damage caused 
OQi^ be remedied or at least minimised by suiCable fertiliser treat- 
nMmta. ^ It was noted that in places where the seedlings had turned 
pdb, t(^ dressing with ammonium sulphate or groundnut cake 
produced a rmnarkable improvement because the soils were initially 
defioisnt in nitrogen (as revealed by the soil survey of tire delta) 
aud ^ leachi^ eat method of reducing salinity aggravated fur- 
Umt tbe dq>letion of nRrogen and o^anic matter. The af^ication 
ot mtrogenotu roanoree and lime is therefwe very necessary and 
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until the soils were reclaimed sufiBciently to permit the growth of 
leguminous green manure crops, it would be better to apply green 
leaf manure to hasten the amelioration. The incorporation of 
such bulky organic manures as well as ammonium sulphate and 
groundnut cake would not only benefit the crops but also reduce the 
chances of the soil becoming alkaline. The traditional local method 
for leaching out the salts whenever sea inundation takes place in 
this tract is to plough in large quantities of damaged rice straw, 
along with whatever cattle manure that is available. The land is 
then puddled and drained off and the process repeated three or four 
times at intervals of seven to ten days. Bice seedlings are then 
transplanted and water let in and allowed to flow either continu- 
ously or intermittently. In this practice it has to be recognised 
that rice straw though organic matter is mostly carbonaceous and 
hence sufllcient nitrogen in the form of ammcmium sulphate or 
groundnut cake should also be added to keep up the nitrogen status 
of the land during draining and further lime also must be applied 
to prevent the formation of unfavourable clay composition. 


Sou. Moisture and Drv-Fabmino Practices. 

Among the numerous factors that influence crop growth, the 
most important is the amount of moisture in the soil. In areas 
where the rainfall is low and no facilities exist for irrigation, soil 
moisture becomes a limiting factor in crop production and the main 
object of the cultivator resolves itself to one of r^onserving the 
limited moisture that is available in the soil to the best advantage 
of the growing crops. The black soils of ilellary, and particularly 
the area where the Hagari Agricultural Kescarch Hlatiou is situated, 
is a typical area. The rainfall is one of the p<xn'cst in the State 
being only 21 inches on the average and is also not well distributed 
ss more than half of it is received in a month or fofty-five days’ 
time between September-October. The main crops, cotton and 
sorghum, have to depend on the rainfall that is r<x‘.eived before 
sowing them, as the rains received during cnip grow'th is practically 
negligible. 

In 1927, certain preliminary studies were commenced at the 
Hagari station on the effect of different dry-fanning operations. A 
similar set of treatments was tested at Coimbahjre in the Central 
Farm fields for correlating crop yields with laboratory examination 
of soil samples immediately after each treatment. The general 
conclusions from nearly eight years f»f these studies at Hagari were 
that (1) bunding was advantageous in increasing yields of porghum 
and cotton, especially in years of low rainfall, (2) it was not neeee- 
sary to do deep ploughing oftener than once in five years, (3) tliat. 
ploughing to depths of less than ten inches had no effect <xi the 
yields and (4) that cattle manure well incorporated into the aoil 
helped to increase crop yields. Similar studies at Coitnhahire 
showed that bunded plots retained more moisture. 
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The importance of the problem and the reBults achieved in the 
preliniinary experimeots indicated the need for a more detailed 
and systematic investigation and in 1934, the Madras Dry Farming 
Scheme was started at Hagari under the auspices of the Indian 
Clouncil of Agricultural Research, as part of a general All-India 
Scheme at four centres, namely, at Sholapur (Bombay), Hagari 
(Madras), Baicbur (Hyderabad) and at Rohtak (Punjab). A 
summary of the finding on the various aspects of dry-farming 
research during the period of this scheme from 1934 to 1943 is 
given below. 

Since much of the rainfall that is received in this tract is lost 
as run off on account of the heavy impervious nature of the soil 
and carries off large (juantities of the rich surface soil, experi- 
ments were conducted to determine the amount of water loss from 
surface run off. Plots with a specific gradient of one in 80 were 
enclosed on three sides with galvanized iron sheets and the ran 
off from the fourth side was collected in cement cisterns for mea- 
surement and analysis. During 1937-38 and 19.38-39 the effect 
of cropping the land with different crops in controlling run off was 
also studied. 

The data showed that 41 to 18 per cent of rainfall was lost 
as run off. The silt that was washed off amounted to 9 '9. 8'6 
and 7 ‘4 tons per acre respectively for a rainfall of 15-7, 9 2 and 
9'4 inches for the three years under study. Cropping reduced the 
run off by half in the ease of rain water and the loss of soil by 
two-thirds. Analysis of the washed off soil showed that it was 
richer than the original soil, having twice as much nitrogen and 
four times as much potash. 

Estimation of soil moisture at different depths in the field was 
done for various treatments such as bunding, deep ploughing once 
in four years and working the basin lister and compared with 
controls, namely, no bunding and no ploughing. The results of 
four years^ trials indicated that the formation of small bunds seven 
inches high helped in absorbing the rain water, as also scooping 
the surface of the field by means of the implement known as Basin 
lister. Tire data revealed that the moisture content increases w ith 
depth but when any layer approached abouf 25 per cent of the 
moisture there was a greater rate of percolation downwards due 
to the continuity of moisture films. After the September and 
October rains all the layers up to the fourth foot had the maximum 
moisture content. 

In a fallow land the loss of moisture by evaporation was very 
I'ttle. indicating that the moisture is carried over and becomes 
available during the next season for crops. AI Hagari. the soil 
below the top three inches forms into a hard impervious layer 
nearlv eight to nine inches in thickness consequent on the shrink- 
age which the soil suffers on drying. Tjosses of soil moisture by 
ex'snoration were njost iwonounced in the top 12 inches dt soil. 
So tile layer betwem three and 12 inches become very bard .f the 
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deBiocatioa ut rafdd, aftw the rainy period. If this hardnees seta 
in daring the early stages oi crop growth the plants suffev very 
badly add hence conservation c£ moisture has a vital bearing on 
delaying the formation of this hard layer as a result of desicMi^on 
and shnnking. This f^nomenon of shrinkage was mvestigated 
in detail over different ranges of moisture in black soils. It WM 
found fliat 166 cubic feet of soil when dried completely shrink fo 
about 100 cubic feet in the laboratory. Under field conditions this 
shrinkage might be less due to presence of coarse particles. If 
desiccation of the top three inches were prevented by tamely 
hoeing, the shrinkage of the soil below was lessened and the forma> 
tion of the hard layer delayed. Hoeing and the moisture condi* 
lion of the soil at hoeing had thus a very marked effect on the 
yield of crops. 

The. second foot of soil had a much greater power of retaining 
moisture than the first foot even though both the layers were 
closely similar in physical composition. Some interesting results 
were also observed on the hygroscc^ic co-efficient of the soil. This 
important soil constant is a measure of the capacity of the sfiil to 
get into moisture equilibrium with the surrounding atmosphere. 
It is a constant which is closely related to the texture of the soil. 
Experimental data revealed that the amount of moisture absorbed 
by a soil at a given relative humidity varied with the time and could 
1)6 expressed mathematically as an exponential equation. When a 
soil was alternately wetted and heat^, it was found to suffer a 
loss in absorptive power. Similarly when a soil was ignited it 
lost its absorptive powmr by about 50 to 86 per cent in heavy soils 
find 40 to 60 per cent in the case of light soils. 

Studies on the variations in soil nitrogen in fallow, cropped 
and manured plots showed that the fallowed plots contained the 
lowest amount of nitrogen and that the top six inches of manured 
plots contained the highest amounts. A crop of sorghum removed 
14-4 lb. of nitrogen p«r acre and 5-33 lb. of phosphoric acid. 

Daily observations of soil temperatures at different depths 
showed that the season^ variations in temperature were felt down 
to two feet, thou|^ the maximum range of variations was naturally 
found to occur at the soil surface In cropped plots, the snrfaoe 
temperature wjp about five degrees lower than in the open. Wth 
increasing height of crop the temperatures inside the crop and in 
the open tended to become equal. 

Observations made in the field on different crops under different 
cultural treatments were in line with the laboratory findings. Ttau 
it was found that the formation of the hard layer due to d f sh tfu i- 
tion and soil shrinka^ was the cause of cunp failures in the fraoii 
as it prevented the roots from penetrating into the de«i«r 
layers of smj below. The roots were often found to be strongidM 
by the drymg soil in plants which bad dried up in this 
indicating the need for evolving quick-growing dwrt 
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varieties that could daborate their root systems before the hard 
layer is developed. 

.One such variety among sorghums is M 47-3 which has done 
well in all seasons and particularly in droughty areas. This strain 
is now popular and is gradually displacing the previous standard 
strain T-1 of the tract. To shorten the duration still further 
crosses were made between certain American varieties like Milo 
and Wonder and local sorghums and their progenies are under 
study. 

Boot studies were also made on different crops at different 
stages and gave very interesting results. It was seen that at every 
stage the plant assures itself of an adequate subterranean equip* 
ment before enlarging the aerial parts. The roots that were 
passing through the cracks developed a specif mechanical pro* 
tective tissue and were purplish in colour instead of being light 
brown like normal roots. Short duration varieties had smaller 
root systems than longer duration types. 

The amount of moisture in the soil had a direct correlation with 
root development. The tip of the primary adventitious roots in 
most cases dried op after a few days and when the soil moisture 
was adequate numerous long secondary roots are formed often 
extending to four feet in length behind these tips and radiates 
into the soil in a fan*Iike manner. This type of secondary root 
development was not evident in seasons of deficient rainfall. It 
was noticed that in bunded and fallow plots the root development 
Was always l>etler l>ecauBe of the higher moisture contend in these 
plots. Another observation was that in Setaria high winds curtailed 
the growth of both shoot and root in the plants. 

Bundin//.— From the agronomic sjandpoint, it was noted that 
bunding heliMjd to increase cn)p yields. This was more marked 
in years of deficient rainfall. When land was ploughed periodically 
and bunded it did not show any advantage over unploughed and 
unhanded land in the year it was ploughed but in subsequent years 
the effect was very marked in the shape of increased crop yields 
in plots ploughed and bunded particularly if the season was one of 
poM rainfall. For low gradients of one in 400, seven inch high 
bunds formed with the bullock drawn implement known as Bie 
“ bund-former ” were, quite effective and also eoonomic as the 
operation costs only four annas per acre on the average. 

FoMotofnjj.— Fallowing in alternate years gave nearly double 
the annual yields, and this effect too, was more pronounced in 
droughty years. If sorghum was grown after a preceding fallow 
season and cotton in the fhird year the good effect of fallow was 
seen even in the cotton crop but coiton followed a lyiow season 
and then scughum came after the cotton cit^ the eflM ef the fint 
year’s fallow was not so very distinction ton son^nm cnm in the 
third year. 



?46 M^MOtRS 0# THE DBl^AliTMiSNT OF AGHidtiitURfi, itADttAfl 


Spacing . — A series of experiments on the optimum spacing for 
crops proved that 18 inches between rows was the best for sorghum 
wliile 36 iniihes (three feet) were the most economic for cotton. 
The effects of manuring whether with corupost or farm yard manure 
directly or indirectly were visible only in years of good and sufficient 
rainfall in the case of sorghum and cotton but for setaria, due to 
its shorter duration, manuring was helpful even in years of poor 
rainfall. Farm yard manure applied at less than five cart4oads 
or 5,000 lb. per acre failed to show any effect on crop yields. 

Mixed cropping . — Growing cotton as a pure crop was more 
profitable than as a mixture with setaria. The local practice of 
mixtures- of setaria-groundnut or setaria-horsegram were profitable 
only when sown sufficiently early in the w^uth-west monsoon. 
Sowing pulse crops in the Mungari (south-west mohsoon) season 
and drilling sorghum in rows in between the row^s of pulses was 
found to be both inconvenient and uneconomic. Pure sorghum 
gave higher money returns than its mixture with pulses. 

'The local practice of growing two or more croi>s in mixtures is 
because the ryots wush to have both a food crop and a money crop, 
e.g., setaria-cotton apart from its serving as an insurance against 
total failure. Such mixtures seldom fare well due to the severe 
competition for soil moisture between the root systems of the two 
crops as they feed in the same zone in the soil. On the other hand 
mixtures like setaria-horsegram or groundnut-setaria ai'e always 
found to thrive better because the r(K)ts of horsegram feed in the 
top layers while setaria roots go dee})er in the soil. Where 
mixtures like setaria and cotton have to be grown it is always 
preferable to grow tlieni in the strip crop})ing system than as a 
mixture in the same rows. Strip cropping reduced rorit C4)mi>eti- 
tion with no extra expenditure. It also helps in reducing soil 
erosion. Of all the crops tried for conserving the soil against 
erosion after heavy downjiours, groundnut was the best followed 
by setaria and with cotton as the least effective as an anti-erosion 
crop. Mixtures of setaria with grourvdnut were found to have the 
liighest anti-erosive value. 

A similar type of investigation was carried out in 1936 to 1989 
in the red soils of Anantapur district as a complement to the work 
on the black soils ait Hagari as the climatological conditions and 
rainfall were similar though the soil w^as different. The" soils at 
Anantapur are red, very shallow and coarse in texture. Three 
places were selected in Anantapur district, namely, Anantapur, 
Kadiri and Hindupur, and at each centre four trials were conducted 
on ryots' lands. The obj€k*i of the trials was to improve the water 
holding capacity of these shallow red soils, by giving light 
ings and fortning hunds as at Hagari. The treatments tried w«re 

(1) ploughing \yith a light ^jnould board plough (like cooper- 9d)* 

(2) bunding with the bund former, (8) ploughing with wooden , 
(country) plough and (4) not bunding (ryots’ practice). 
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The- trend of the results was for an increased yield in the 
Cooper ploughed and bunded plots, bhorter duration crops hke 
cereals were beneliled to a greater degree than long duration crops 
like redgram or groundnut. 

Incidentally il may be of interest to mention some early studies 
made at the Agricultural Besearcb btation, Kasaragod, during 
to lyUtt on the utility of frequent stirring of the top soil as a means 
of conserving soil moisture. It was found by experiment that 
plots that were fre(]ueutiy stirred on the surface retained more 
moisture than untreated plots. Manuring also was found to aid in 
a greater retention of soil moisture. The average yield of coconuts 
per tree, recorded over a jieriod of eight years, was 59 per year 
from the manured and cultivated plot. The cultivated and 
unmanured jilot gave an average yield of 52 nuts per year, while 
the control plot that w'as neither manured nor cultivated yielded 
ofily an average of nine nuts per tree. Another interesting soil 
moisture trial was at Nileshwar where the practice of burying 
coconut husks between rows of coconut palms showed that there 
was an increase of soil moisture and yield of nuts by this practice. 

Sou, Ebosion and its CoNTKon. 

In arid and senu-aiid tracts that are in general subject to 
sudden dowiqiours of ram the problem of soil erosion is a serious 
one as it leads to a steady impoverishment of the soil. The 
prevention of soil erosion is intimately connected with dry farming 
practices esja-cially in the Ceded districts in Madras. Experiments 
at Hagari have shown that with every heavy shower of rain there 
IS a loss of the tine surface soil to the extent of seven to nine tons 
per acre jier year. This washed off soil was also found to be richer 
in plant nutrients so that the los.ses by erosion are serious enough 
to demand the most urgent attention. But even in the advanced 
countries of ihe \Ve.st, it is only in \ery recent times that soil 
erosion has been n-cognized as a national danger. In India, 
barring the few experiments done at Hagari and other dry fanning 
research stations, no real attempt has l>een made so far to eitiiex 
assess the magnitudi- of the losses involved by soil erosion or to 
devise any large-scale measures for preventing such lo.s.ses by 
erosions. Besides tlie loss of much soil, erosion leads to the silting 
up of tanks reducing their storage, a rise in river beds making 
them shallow and subject to flixids. 

The soil is tiie uppermost disintegrated layer of the earth’s 
crust. Its average depth is about C to 12 inches though some- 
times it is known to extend to a depth of 8 feet or more even. 
Soil erosion is the transportation of soil from one place to anotiier 
ihioagh the agency of. water or wind in motion. Under natural 
conditions undisturbed by man, an equilibrium gets established 
between tibe climate of a place and the cover of vegetation that 
protects the soil layer. A certain amount of erosion does take place 
even under this natural cover but it is a slow and very limited 
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{»x>ceas which is balftiiced by the new soil tiiat is formed by weetlier> 
log agencies. Under intensive agriculture, this balaoiw is upset 
and ^e removal of scul takes at a faster rate than its renewal 
by soil forming processes. _ 

Wind and water are the two agencies that cause soil woeion. 
Wind erosion in Madras at any rate is not so wide^read as water 
erosion and exists in a serious form only in certain ^aoes, such 
as along the river banks of the Hsgari and Pennar rivets where 
during summer when the river is dry high winds during the south* 
west monsoon months blow the sand to great distances covering 
up the black soil fields on either side of the rivers. Control 
measures have recently been taken up by the Forest department 
along the Hagari river bank by planting quick-growing trees along 
the banks to fix the existing sand dunes and prevent them from 
getting blown still further off. 

Erosion due to wSter is much more widespread and more seriouSv 
Extensive erosion occurs in many parts of our State, particularly 
in the Ceded districts, coastal areas and in the Nilgiris. Two main 
ty{)e8 of erosKm are sheet erosion and gully erosion. In the former, 
movement of run-off water and eroded soil occurs in sheets. When 
this moving sheet assumes sufficient velocity its cutting action on 
the soil is increased and this results in a trench or gully being 
formed at any weak point or depression in the surface. If the 
velocity of the run-off water is doubled its energy is increased four- 
fold and its erosive action on the soil is correspondingly increased 
and its capacity to carry soil particles is increased 64 times. The 
gullies tend to get deeper and wider with every su(»:eeding tain 
and eventually cut up the agricultural land into fragments and 
making it unfit for cultivation. Of the two types, gully erosion 
is the more evident and spectacular but sheet erosion is really 
the mure dangerous as it is insidious and is seldom noticed before 
it is too late to remedy its destructive effects. 

Heavy soils, as are found in the Ceded districts, are hi ghly 
susceptible to erosion as they are slow to absorb rain water on 
account of their high content of clay fractions. In the absence of 
sufficient organic matter in these soils, the clay tends to 
“ deflocculated ” and gets very hard when diy and very stioll^ 
when wet. This stickiness impedes absorption of rain water stiU 
further and when more rain falls all the fine particles broken down 
from the crumb structure of the soil are washed off on the 
and carried away with the run-off water. 

The amount of run-off depends on the intensity of the rainfall. 

A heavy storm in a few hours caiises as much or evmi more 
as all the rains during the rest of the year. This is a 

gentle rain does not ^verise and break doVlrn the " erasob 
structure of the soil and the soJi is able to absorb the «ad 
accumulate it in the deeper layMu— for the use of stdMi^nent cNte. 
In the blade soils <rf the Ceded districts, the main “ 
crops are harvM^ by March or April after which the tend muim 
bare of va^eiafaon until the nes^ September or Qet d bil p . ISht 
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dutributiou of the rainfall in this tract is such that out of a £otal 
precipitation of 20 inches for the year about 12 inchee are received 
anting the months of August-September and October when there 
is no protective vegetation. Farther it is common during this 
period to have one or two thunderstorms amounting to nearly 2 to 
8 Inches overnight, and snch storms cause a lot of damage by soil 
erosion. 

C(fntour and erosion . — ^Another factor that influences the speed 
and extent of run-off is the slc^ of the land, the greeter the slope 
the greater being the velocity of flow. The Nilgiris, for instance, 
are subject to severe erosion during the rainy season and large 
quuxtities of the rich surface soil are lost in the rusliing torrents 
throng hill streams and gullies. Farther, the practice that 
previ^ on the Nilgiris of cultivating potatoes on the steep slopes 
vfHbout any proper anti-erosive measures and of leaving the soil 
in a very loose condition after the harvest of potatoes in July- 
Aagu8e4eads to severe erosion on these hills. 


Measurement of run-off losses . — Losses of soil and water by 
sheet erosion have been measured at the Dry Farming Station 



Run-off data, 1937-39. 

Black soil ; Hagari A^icultural Besearcb Station ; Bellary dis- 
trict ; gradient of plots 1 in 80; area of plot 1-25 cents each. One 
plot was the control, i.e., kept as clean fallow and the other plot 
was scooped into small pockets or *' basins 
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It would be noled that in the control plot kept as clean fallow 
every inch of rain that is lest as run-off carried with it 1-5 ^ons of 
fine mU per acre per year during the two years. Some of the 
AmeiicMm results from Texas Experimental Station reported 8 tons 
of soil per acre for every inch of rain water lost. It was found 
that grees grown tm the plots was 65 times more effective in 
the coflfiMl of soil losses and five times more effective in oheckiDg 
^atw toMBB than bare soil. At the Agricultural Resear^ Shition, 
Nanjanad, nm-off et^perimenle sinoe 1931 have thdioated a similar 
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Insult t^»t a grass cover checked the surface run>off to a consider- 
able degree. When the gradient was doubled from one in ten to 
one in fiVe the run-off losses were increased, nearly five tunes 
in all the plots except in the grass cover plot. 

At the Dry Farming Station, Sholapor, Bombaj ptate, it was 
found that a clean fallow plot lost 25 tons of soil in a year for e 
rainfall of 14*8 inchos t^en the mn-off was only &:8 inches. This 
works out to 4‘8 tons of soil per acre inch of run-off — a figure very 
much higher than that obtained at Hagari. A plot in which the 
weeds were kept on as cover showed a loss of only 0*58 ton per 
acre. 

Violent thunderstorms cause a lot of erosion. For example, a 
single storm on the 28th and 29th September 1989 at Hagari was 
responsible for nearly a third of the total loss of silt for that year 
and nearly a fourth of the total loss of water for the whole year. 
It is stat^ that in Texas one heavy storm with a 5 inch rainfall 
led to the loss of 23 tons of rich black soil from land with a very 
slight slope. 

Heavy soils shrink much on drying causing numerous deep 
cracks and fissures to be formed. In such a state, even a high 
precipitation does not lead to much loss by run-off as most of ^e 
water is absorbed through the cracks and hence run-off recorded 
early in the season are small and seldom exceed 15 per cent of the 
rainfall received. 

The beneficial effect of scooping in reducing run-off and soil 
erosion is shown clearly in the following data from Hi^ari : — 


Extract of run-off data (1988) — Hagari. 
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August 1938 
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4 34 

1>24 

4*888 

~pSm 


The soil collected in the run-off cisterns when analysed, for 
chemical and mechanical composition gave the following resoHs ■ 

Meehanical analytu. 


Bead of analyiris. 


(1) Clay 

(2) Silt 

(3) Fine sand 

(4) Ceaneaand 
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m 
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Chetnieal analysit. 


HMd ol MMlfili. 

Eaneoirdli. 

Boilflnifoot 

layer. 


rsM csht. 

m OICMT. 

1 Lois cm ignition . • • • 

.. 714 

3-12 

2 IniMilabie mineral matter • . 

SS*S9 

7S*4S 

S Iron and alumina 

20-96 

13-10 

4 Lime . ^ 

8 83 

3-46 

B Magneiia 

1*62 

0*92 

6 Fotaeh 

1*28 

0*29 

7 Fhoaphorio acid 

0*041 

0-064 

8 Nitrogen 

0 043 

0*024 


The figures show that the silt washed off the land consists of 
•boat 64 per cent o£ the fine fraction while the original soil con- 
tained only 62 per cent. The nitrogen content of the silt is 0*043, 
while that of the original soil is only 0*024 per cent; further, 
potash in the silt is about four times that contained in the original 
soil. Much of the organic matter also gets lost, and thus from 
all accounts, the silt washed out of the land is much richer than 
the original soil. Unless, therefore, preventive measures are taken 
in time, there will be a gradual loss of fertility of the soil. 

Control of erosion methods . — ^The main principle underlying 
the methods of soil erosion is to reduce the velocity of the flowing 
water. Methods of control may be classified as medtianical and 
biological. 

Mechanical methods of control — Bunding . — This is done by 
means of an implement called the bund-former, designed by the 
department. It is a very simple labour-saving implement for form- 
ing bunds or ridges and can be used also in garden lands for forming 
beds for irrigation. In dry lands it can be used for forming bunds 
across slopes to prevent erosion after heavy rains and for conserving 
moisture. The implement which forms bonds, about 7 inches in 
height, can cover about 10 acres in a day, the cost of operating 
being about 4 to 6 annas per acre. The bunds which are formed 
before the rainy season get erased during the sowings. Therefore, 
bonding by the bund-former is an annual operation and in dry* lands 
it is being advocated as part of the preparatory cultivation like work- 
Ihe ‘ Ountaka ’ or blade harrow. This operation is itself suffi- 
cient to arrest run-off in moderately sloping lands. But in greater 
dimes, and as a measure of permanent improvement, raising of 
embankment along contours, almot 2 feet in height, is to be adopted. 
iTiom the experience of the Bombay State, where these embank- 
ments ate practised on an extensive scale, they have been found to 
be very effective in the control of erosion in slopy fidds. 

IdaUng or scooping . — A simple implement for forming scoops 
tM* basins in the l^ld is the basin lister. It is essentially a furrower 
an ex-eentrio cam arrangement. The implement which 
eats a tamm in the land is lifted at regular intervals and droimed 
inoduoing a series of cross-bunds to the furrow. These have the 
s^nN^nhbe of basins and henc« the implement is known as die 
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basin lister. By thus throwing the land into pockets, the velocity, 
of the lun-ofE water is reduced and soil erosion {navented. From 
quantitative measurements at Hagari scooping has been found to 
reduce erosion losses by half, and in combination with the raising 
of embankments this operation should prove very effective against 
erosion. 

Terracing , — ^Where the gradient of the cultivated fields is 
high, as on the hills, terracing and bunding are the methods gene* 
rally adopted. Three types of terracing are recognized : 

The guide-row terrace is formed by throwing a few farrows 
together on ccmtour lines into a low ridge. TIm diffwenoe in 
altitude between successive ridges is about 3 feet. This is luefol 
for slopes not exceeding one in ten. 

The level bench . — ^This terrace consists of a series of 
benches or flat surfaces running along contours, the difference in 
altitude between one bench and another depending largely on the 
depth of soil available and the slope of the land. Each bench has 
to be cultivated as a separate unit and a good grass covering on the 
edge of the bund will considerably strengthen the terrace against 
erosion. The edges of the terrace have necessarily to* be left on* 
cultivated and thus is one of the objections for its adoption on 
gentle slopes. But in hills, where cultivation is done in steep 
slopes, this form of terracing is very widely practised and is very 
efficient in controlling erosion. 

Magraim terrace .-'-This is used very extensively in the 
United States of America and consist of a broad ridge 16 inches to 
24 inches high, running along contours. It is formed by ploughing 
several furrows along previously surveyed lines and heaping the soil 
cn the lower side so as to form a low ridge with a depression on the 
upper side of the ridge. Instead of the terrace being flat it is 
given a geolile gradient of about 6 inches in 100 feet towards 
some natural outlet into which the water may drain. 

Gullying cmd its control . — Gully erosion, which is one of the 
most commonly occurring forms of erosion in open lands, can be 
tackled in the early stages, because it is an agricultural problmn 
but in its late and more serious form, it becomes a problem few 
engineers to solve. In the early ‘stages, the gully can be 
up by earth from some comer of the field or from an eTintmg drain. 
Stones, straw or weeds may be used to fill up the gully, the 
rial being such as would prmit the easy flow of water, but woal4 
cause the soil to be deposited on the upper side of the obstruction. 

For filling large gullies in cultivated fields, check path 
striked stones and earthen packing may be used . A vertipal 
tile drain, if provided, wUl considerably lengthwi the life of liM 
dam, as all the watw will be drained out, thereby rednoinff fibs 
^ifesaoro on tire dam itself. For larger gnllies, concrete wjfl 
ne required. 
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Biological method of control . — Control of erosion through crops 
or vegetation is the biological method of control, since vegetation 
is nature’s protection against erosion. As stated already, a cover 
of grass was found to be about five times as effective in controlling 
nffi-off, as a base soil and 65 times as effective in controlling soil 
losses. The principle of biological control is that cultivation of 
crops should be done in such a way that the maximum protection 
cover to the soil is offered for as long a period as possible, during 
the rainy season. 

In the run-off plots at Hagari, the effect of a crop-like ground- 
nut in controlling soil erosion was studied and some data from the 
experiment are given below : — 

Results of run-off with catch crop, 1940-41. 

(Data collected between 13th June 1940 and 12th December 1940, 
the dates of sowing and harvesting of groundnut, the catch crop 


tried.). 

Control plot Qroundnnt 

clear fallow. plot. 

1 Number of days when there was run-off . . 11 6 

2 TotiJ rainfall on daya on which run-off was 7*63 7*63 

reo<nded in either plot. 

3 Rain water lost in inches . . . . . . 2'81 1*63 

4 ^t washed out in tons per acn« .. .. 1*83 0*98 


The number of da.vs when there was run-off was 11 in the 
fallow plot, but only five in the groundnut plot. Losses of water 
and soil were also reduced by nearly 50 per cent by the crop. The 
effect of the cover crop has been three-fold, (1) interception of rain- 
fall by the crop reduces the intensity of the rain-drops reaching 
the soil, (2) the spread of crop offers mechanical obstruction to 
the flow of water, and (3) abssorption by the crop of part of the 
moisture reduces the soil to a drier state and makes it absorb more. 

Prom studies based on the time taken for completely eroding 
a block of soil 40 inches by 20 inches by 4 inches under a definite 
pressure containing different cover crops, it was found that in 
resisting erosion, cotton was 1*6 times more eflScient than bare 
soil, setaria 8*3 times, groundnut 5 times and pillipesara 11:8 
times. Wide-spaced clean-tilled crops like cotton offer the least 
resistuioe to soil erosion whereas spreading close-spaced crops like 
groundnut, setaria and pillipesara serve to prevent soil erosion much 
more effectively. 

Strip cropping furnishes one of the most effective biological 
methods of erosion control. The principle is that the strips of 
erodon-^reststing crops like setaria, when altm*nated with stripes 
cotton, serve to reduce the erosion that would occur if cotton alone 
was to be grown on the land. The prevailing local practice of 
gioiriag setaria and cotton as a mixture in the Mungesri season 
ma. wdl be r^laeed by this method of growing the same erope in 
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alternate strips. Six rows of setaria to three rows of cotton hare 
been found to be the- best proportion both for erosion, eonho! and 
monetary returns. ' 

Planting crops along contours is another anti-erosion motbods«. 
specially recommended for hilly lands. Generally dontour plant- 
ing .in conjunction with contour cultivation go a long way in 
arresting run-off, though on very slopy land these should go hand 
in hand with terracing and bunding as well. 

Planting agaves or similar dense, quick growing plants amioss 
the dopes liable to erosion will also prove helpful in checking soil 
erosion. At Adoni and along the banks of the Hagari river, 
Prosopis juliflora has been found to be very useful as wind breaks 
to prevent wind erosion. 


Propaganda and anti-erosion measures . — ^A summary of the 
various directions along which erosion control has been attempted 
and achieved in Madras is given in the tabular statement at the 
end of this chapter. 


The Madras Soil Cottservation Scheme. --Jn view of the national 
importance of erosion control other countries like the United States 
of America are expending huge sums of money in the investigation 
and popularization of anti-erosion schemes. * In India, Bombay 
was the first to initiate soil conservation schemes and Madras was 
the next in attempting to translate into large-scale practice the 
results obtained from dry farming research at Hagari and other 
centres. The Madras Soil Conservation Scheme was planned on 
the lines of a previous scheme in Bombay (the Contour Bunding 
Mheme) which had covered nearly nine million acres. The 
following are the anti-erosive measures proposed to be introduc^ 
under this scheme in the Ceded districts with the object of securing 
increased yields by proper land management ; — 


(1) Contour bunding. 

(2) Contour trenching and afforestation. 

(S) Gully-plugging. 

(4) Terracing. 

(5) Bonding with bund-former, basin listing. 

(6) Contour cultivation. 

(7) Strip cropping. 

(8) Rotation of crops. 

(9) WM and pest control measures. 

(10) Drainage and flood control measures. 

(11) Manuring. 

(12) Irrigation. 


Am^ thwe, items of work like contour bunding an 

f ^ t««Taces for Strip cw 

to be taken nn department as flhey %gvf 

taken np m an entire catchment are or sub-water-shed^^ 

lyota do not poesess the technical knowledge or tmtirnmiUbSm 
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'themselves. Agronomic measures like rotations, contour cultiv^ 
4km and strip cropping and manuring will be recommended for 
Adoption by ryots. 

The Government have also taken the requisite legislative 
measures to empower the Agricultural department to take up and 
carry out land improvement schemes in private lands and recover 
the entire cost or a portion of it from the land-owners in suitable 
instalments. The scheme was sanctioned in January 1949 with 
the requisite staff and the work has been started in three centres, 
Hagari, Alur and Guntakal with a target of 2,500 acres at each 
centre. A similar scheme is to be started in the near future in the 
Visakhapatnam district as well. 

The progress of these schemes will no doubt be of great interest 
to the agriculturists of Madras as the systematic planning of such 
ameliorative measures will materially help in increasing food 
production in the State of Madras. 


Alkali land.s and their reclamation. 

Alkah lands have always been a problem for the agriculturist 
who tries to bring them into cultivation. Alkali soils are formed 
first by the accumulation of salts in the region of crop roots. This 
accumulation may be either by the rise of salts from the deeper 
layers or by the use of irrigation water that contains a high 
percentage of soluble salts. The concentration of salts around the 
feeding zone of roots of crops hinders the growth of plants and 
tnakeE these lands eventually unfit for cultivation. 

Excess of soluble salts is the first stage in the formation of 
alkaline lands. The salts are chiefly the carbonates, bi-carbonates, 
chlorides and sulphates of calcium, magnesium and sodium. Of 
these, sodium salts are the most harmful, though beyond certain 
limits, magnesium salts also car prove injurious. Calcium salts 
are helpful and act as a safeguard against soil deterioration. The 
second stage is explainable in terms of the base exchange theory. 
The clay fraction of the soil consists of various types of colloids and 
various types of ions that are absorbed on the colloid surface, 
forming calcium clays, magnesium clays and sodium clays. Sodium 
clays deflocculate the soil particles into a highly dispersed condi- 
tion and promote undesirable physical properties in the soil. This 
is what happens when the excess of soluble sodium salts referred 
to in the stage becomes the exchangeable soda in the clay 
fraction of soil. 

^e third and final stage is associated with the formation of 
•odiim carbonate and its hydrolysis, imparting highly alkaline 
reaction of the soil. When this stage is reached there is a complete 
detpHriocation of soil rtrueture and the land becomes xmfit for 
etdtivatioti. 

Ir Madiag afliali soils are of widespread occurrence and although 
Mliv' aetosl area has not been estimated it is large enough to he 



. MBUOIBS OF XBB DBFABTMBNT OF AQBIOOLTI7Ba» ICAIMUS 

a secioas problem. It ■was found from a State-wide anrro; oqo- 
^Qcted in 1917 that isdated alkaline patches of land are present in 
all parts of the State, except on the Hills and the Wynaad a*ea 
where the heavy annual rainfall leach out salts from the soil. In 
lower reaches of the Godavari and Krishna deltas especially in 
the Bepalli taluk in Guntur district saline lands occur as idso in the 
south of' the Cauvery delta within the Cauvep^-Mettur Project 
area. In the latter place the main difficulty is drainage owing 
to the low level of these lands. In the black soils of the Ceded 
districts saline patches occur even on moderate slopes as the parent 
rocks contain large quantity of sodium bearing minerals Mdiich 
on weathering give rise to sodium salts. As th 9 tract is an arid 
one, these salts cannot get washed away but tend to accumulate, 
forming zones of salt concentration often within the root region 
of crops. In the Central and Southern districts saline patches ara 
found as a result of irrigation from wells with braclnsh water. 
In Madurai district extensive areas of alkaline lands have developed 
under the Periyar irrigation ^stem on account of poor drainage 
and the rise of sub-soil water. 

Alkali reclamation — Early attempts . — These lands were the 
first to receive the attention of the Agricultural department for 
reclamation as they were under an irrigation project, the Utility 
of which would be impaired by the development of alkalinity. In 
the earlier years the methods tried were those based on the tradi- 
tional practices of the ryots in these areas and consisted of ; 

(1) Adding bulky organic manures like green leaf, greM 
manures and farmyard manure. 

(2) Carting and appl^'ing tank silt. 

(3) Flooding to wash out the salts. 

(4) Growing salt-resistant plants. 

These methods were no doubt effective but the improvement 
in crop yields was very slow and not spectacular and hence did not 
become very popular with the ryots. 

Keclamation methods based on soil chemistry were fini bried 
on the Central Farm, Coimbatore, in 1936 in a field whieh had 
become very alkaline by irrigation from a brackish weU. 
analysis showed a very high pH value, and a high content cl 
carbonates and bicarbonates. Sulphur was applied at the rate of 
100 pounds per acre and within three months an appreciable reduc- 
tion was observed in the pH value and the concentration (rf carbo- 
nate and bicarbonates in the soil. In the first season when a 
sorghum crop was grown the yield was poca’ but by 1989-40 ngti ni l 
crops could be raised in the field, where formerly only a very patflhj. 
growth was possible. 

Hi the Tiinchirappalli distrust, there is a large area of 
land commanded by the Kattalai high level channel. This cluilh' 
nel takes off from the Cauvery river at Mayanur Mad IbBows a 
course roughly parallel to the river. The area under injfMdon Ik* 



The KatUslai Hi^h Level Channel Area. 
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between this channel an'd the south bank of the Cauv^. Some 
of the low-lying lands in this area were saline and unp^ucthre 
even before the advent of irrigation but the_ saline area increased 
after a few years of irrigation from this channel. Tn 1988 
it was found that 2,500 acres out of the ayacut of 19,000 acres 
fixed for the channel, had become so saline that all attempts to 
grow crops were failures. 

A preliminary survey was made by the A^cultural Chemist 
and showed that though the irrigation water did not contain tuny 
appreciable quantity of harmful salts, the drinage of the locality 
was very defective. The water table was so high as to be within 
two feet of the surface. The Kulitalai Kattuvari, a hill-styeam 
that was intended as the main drainage channel for the area was 
found to be very shallow and prone to overflow its banks. To 
make matters even worse this channel had also dams put across it 
at some places with a view to utilise the water for irrigation pur- 
poses. It was, therefore, suggested that as a first step, these dams 
should be removed and the bed deepened. 

The village of Mettu Marudur was selected for reclamation 
studies as being typical of the alkaline area. A white incrustation 
of salt covered the surface and barring a few palmyrah trees and 
some weeds there was no vegetation. Although the water avail- 
able for irrigation in the high level channel was of very good 
quality practically free of injurious salts, rice crops had repeatedly 
been tried without success in this area. The seeds failed to germi- 
nate and seedlings raised in nurseries elsewhere and then trans- 
planted withered away within a month's time. 

When samples of soil were drawn and analysed from the first 
and second foot depths it was seen that there was a high content 
of soluble salts averaging 0*2 per cent and going up to more than 
one per cent in a few cases. No calcium salts were present, the 
salts being mostly the carbonate, bicarbonate, chloride and sulphate 
of sodium. The soils were very stickv when wet and almost im- 
pervious to water and were not only saline (due to excess of soluble 
sodium salts) but also alkaline due to excess of exchangeable sodium 
in the clay. The total exchange capacity varied from about 6 to M 
milliequivalents, but the degree of alkalisation was very high. 
The pH value of all samples was also high varying from 9-0 to 
10-12. In view of this clear indication that soda clay had formed, 
with an almost complete destruction of the soil structure, amdiora- 
tion by washing out the salts was out of the question. 

Pot culture experiments were conducted at Coimbatore under 
controlled conditions, with soil collected from the alkaline areas, 
and various ameliorative treatmaits tried as given below : — 

(1) Addition of farmyard manure at 80 tons per acre. 

(2) Addition of gypsum at 4, 8 and 16 tons per acrp. 

(8) Addition of sulphuric acid, equivalent to 0-15 per cent 
and 0’30 per cent of sodium carbonate. 

(4) Addition of sulphur at half and one ton per sera. 










llkMOIRS OF THE DEPARTMENT OF AGRICULTURE, MADRAS 761 

(6) Addition of sulphur at half ton and farmyard manure at 
^ tons per acre. 

(6) Addition of molasses at 2, 4, 6 and 8 tons per acre. 

Two of these treatments were cropped and the others kept for 
periodical examination of the physical properties of the soil. 

These experiments and a similar set with rice seedlings trana* 
planted indicated that with heavy doses of gypsum there was a 
remarkable improvement in the rate of permeability of water. 
Analysis showed a reduction in total soluble salts from 0’383 to 
0>024 per cent, in exchangeable soda from 6-9 to one milliequivalent 
and from 10*28 to 8-45 in the pH value. 

Based on these results experimental plots were laid out in 
Mettu Marudur village in a typically alkaline area. The plots 
were 7’5 cents each and the treatments included gypsum at ten 
tons per acre and sulphur at one and two tons per acre. Four 
control plots without any treatment were also included of which 
two were regularly flooded and drained like the treated plots, with 
the object of noting the effect of mere washing on the soil. Pro- 
vision was also made for ade({uate drainage of these experimental 
plots. Soil samples were taken from all the plots in October 1937 
prior to application of soil aiucndinents and at definite intervals 
afterwards and analysed and they showed that within a period 
of three months, there was no trace of sodium carbonate in the 
gypsum treated plot though the original sample contained as much 
as 0*109 per cent. The analysis also indicated that in the sulphur 
treated plots biological oxidation of sulphur had made good pro- 
gress in three months as evidenced by the reduction of sodium 
carbonate and the increase of sodium sulphate in the soil. 

A green manure crop of daincbs was then tried in these plots 
in June 1938. Germination wan good in the gypsum plots, fair 
in the sulphur plots and failed altogether in the control plots that 
received no flooding. The crop was pulled out in October 1938 
and showed that the gypsum plots gave the highest yield (1,830 lb. 
per plot) but even this yield was insufficient for the rice crop that 
wan to follow. Green leaf was therefore added in sufficient quanti- 
ties to make up to 500 lb. per plot and incorporated into the soil. 
Sadat Mtnba seedlings were planted in October 1938 and harvested 
in February 1939. The control plot gave no yield at all as the 
seedlings withered away by December while from the gy'psum 
treated plots an average yield of 1,050 lb. of grain and 1,450 lb. 
of straw per acre wan obtained; quite a satisfactory outturn con- 
sidering the original condition of the soil. second crop of 
daineha sown in April 1939 gave a vield of 8.250 lb. per plot as 
against 1,830 lb. in the previous season from gypsum treated plots. 
\ second crop of paddy planted in October 1939 and harvested 
in January 1940 gave a grain yield of 3,000 lb. per acre, thus 
proving the feasibility of reclaiming alkali lands within a poiod 
of two and a half years. These results also served to emphasise 
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the prime importance of drainage in all attempts to rechum alkali 
lands. 

Of the two methods outlined above, gypsum and sulphur, the 
latter is costly and not easily available to ryots, but gyps^ e^ts 
as extensive natural deposits in the Perambalur taluk of Tiruchirap* 
palli district. These deposits are now being utilised for cement 
manufacture but they can also be used for reclaiming the 2,500 
acres of alkali land that is now lying as waste land. The Mettn- 
marudar experiment showed that ten tons of gypsum per acre were 
adequate to give quick and striking results. 

Reclamation of alkaline lands in arid areas . — ^Alkali hrnde in 
arid tracts are common in many parts of the world but in Madras 
such lands are fortunately very limited. One such area was in a 
village called Peddapalakalur about eight miles from Guntur where 
about ten acres of rainfed land were found to be unfit for crop- 
ping. Chemical analysis showed that in addition to a high 
percentage of soluble salts, the formation of soda clay had also pro- 
gressed to a considerable degree. Being a rainfed area with no 
irrigation facilities, no gypsum treatment could be suggested and 
so the treatment here consisted in bunding the area into conve- 
nient sized plots, applying heavy doses of cattle manure at '40 tone 
per acre and soil mulching. Drains were cut around the treated 
plots to remove the salts dissolved by rain water. Experiments 
were started in 1944 and a green manure crop of daincha followed 
Pyru jonna (sorghum) in 1945-46 gave yields that indicated a dis- 
tinct improvement in the condition of the soil. Chemical analysis 
also showed a decrease in salt content and in pH value. 

Azig Nagar . — In 1942 it was noted that the soils in the criminal 
tribes settlement at Aziz Nagar (South Arcot district) were turn- 
ing alkaline. On investigation and analysis it was found that the 
the soil had a high content of soluble salts, particularly those of 
sodium and was in the first stage of alkalinity. As irrigation fad- 
lities were available, reclamation was suggested by flooding the 
land and draining off. 

Vaipar area . — Along the coast in Tirunelveli district, there are 
flat saline waste lands bounded by the jungle stream Yaipar on one 
side and the sea on the other. There was an idea of reclaiming 
this area for colonisation by demobilised soldiers and analysis were 
made of soil samples from different depths. It was then found 
that the salinity was due to a high water table and since no sources 
of fresh water existed anywhere in the vicinity it was oonclnded 
that the reclamation of these lands was not a feasible proposition. 

Natural reclamation of alkaline landed— Them is in South Aroot 
district a peculiar alkaline trwd; where it is claimed that while 
new alkali lands are being formed, old alkali lands ate getting 
reclaimed naturally. This tract is 7 miles east ot YiddkOh 
chalam in a stretch ot land about 12 miles in extent sfepieg 
towards the plain from which water is drained off towards Im MU 
on the east by Parvanaru. In the northern hidf of the pi*« ri dMnil 
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is a perennial flow of underground water over about 1,000 acres 
of very good double crop lands extending over the villages of 
Mangalam, Elumichai and Uttargal. In the midst of this wet 
land area is a screwpine jungle of 15-20 acres, near which the 
soil is so soft that cattle get bogged in it and ploughing is neve- 
attempted. The alkahne lands are in the Ichangod block con* 
mri^g nearly 700 acres in isolated patches. There are several 
nnadreds of these almost circular in shape, 6-20 feet in diameter 
and lying at various distances from one another. Their forma- 
tion is as given below : — 


The first stage is a white-coloured patch with concave sur- 
face from which water oozes out and collects in the hollow. This 
water is brown in colour and alkaline in reaction. In dry weather 
this, forms an incrustation which is sometimes scraped and used by 
washermen for washing clothes. The whole patch is soft and 
miry and no man or beast can walk on it without sinking in. 
There is no vegetation of any kind on these patches. The next 
stage is an upheaval, the soil being thrown out into a convex 
heajp. A friable black soil is left on the surface mixed with 
ktautar or lime nodules. Below this heap the soil is still soft and 
riimy for a depth of 6 or 6 feet below which the sod is com- 
paratively hard and compact. When a sampling rod is inserted 
into this miry layer and withdrawn a rumbling noise is heard as 
of confined gases escaping. The upheaval goes on presumably for 
years with kankar nodules getting bigger and bigger each time. 
There is no vegetation at this stage also. 


The third stage is the stage of natural reclamation, .\fter 
several years’ upheavals there is again a slight depression but now 
the soil is firm and quite safe to walk upon. Mosses and other low 
forms of vegetation grow in this depression and decay and on this 
vegetable debris coarse grasses and various weeds flourish in course 
of time. 


The last stage is marked by complete reclamation, good 
^ss grows luxuriantly and the area becomes the grazing ground 
of the adjacent villages. The cattle grazing here, however, avoid 
the boggy patches as it was by instinct. Date palms b^in to 
flonrish and in some of the larger depressions, coarse rice also is 
grown sometimes. 

On investigation it was found that the soft and slimy soil con- 
tained soluble organic matter, soluble sodium salts, chiefly sodinm 
cubonate and a high percentage of calcium carbonate. The cal- 
cium carbonate cannot interact with sodium salts, because unliki 
gypsum it is almost insoluble in water. Thus the soluble sodium 
carbonate slowly moves to the surface and converts the soil inte 
a T U ar asa. In coarse of time, the organic matter in the soil de- 
composes vnth ^as formation. Ordinarily these gases cannot 
ovemome reiustance of the soft and slimy layer but when the 
faees aocumnlate to a enflUcient degree, they force themselves out, 
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bringii^ up the soil in a heap. From this soil, the sodium carbo> 
nate slowly difEoses out downwards leaving the caldum cariioiiate 
on the surface as the soil dried up. In course of time the kankar 
or calcium carbonate particles get larger and give a friable texture 
to the soil. The rumbling noises heard are due to the escaping 
gases. 

Where there are reserves of calcium salts as in this area natural 
reclamation of alkali land can take place under favourable condi- 
tions. Further, organic matter, by its decomposition, gives rise to 
products which aid both physically and chemically in the reelama- 
tion of alkali land. The incorporation of buUqr organic matter 
hke green leaf and green manure crops which has been advocated 
oy the' Agncultural department finds justification in this instanee 
or natural reclamation of alkali lands in South Aroot distnet. 

Boil Oboanic Mattsb and its DEooMPOsmoM. 

Every farmer » aware of the benefits of organic matter in 
improving the fertility of his soils. What is not so well known 
is that organic matter as such does not confer any lasting benefit 
unless it is first converted into what is known as humus. Organic 
matter gets converted into humus only under certain conditiona. 
These conditions have been studied in great detail in various parts 
of the world with the object of being able to provide the mort 
optimum conditions for the rapid and efficient conversion of organic 
matter into humus. 

In Madras, studies on the decomposition of organic matter have 
been carried out on the following aspects. The incorporation of 
green manure of different kinds, under different conditions such 
as diy land, garden land and wet land conditions was one line. 
The addition of molasses and the changes brought about thereby 
was another study. Another line of investigation was the pitK 
duction of nitrates under garden land conditions, their movement 
in the soil and their utilisation by the crop. 

Decomposition of green manures . — Fear these studies soil samples 
from dry black soils, irrigated black soils and red soils obtained 
from various Agrioultursl Beseuoh Stations were made use of in 
pot culture studies at Coimbatore. To begin with certain analytical 
methods were standardised end the organic matter in the sail was 
attempted to be partitioned as mineral, total and organic carbon. 

One set of experiments was an attempt to study the organic 
matter content and the carbon/pitrogen ratio in the black soils 
under irrigation as this knowle^e would be useful in advising the 
ryots in the Tungabhadra project area. The experiments were 
laid out at the Agricultural itssearch Station, Simguppa, wiSi piota 
under irrigation in which known quantities of green manure mn 
incorporated. It was found that an application up to 8,000 lb. of 
green manure per acre did not have' any effect but with 19,000.1b. 
per acre, a very slight improvement in organic matter ix»tt«iil ifias 
noticeahle. Anoiher set of experun^ts on the gurdeo lead 
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Anakapalle Agricultural Beaearcli Btatiou showed that a green 
manure application at 3,000 lb. per acre per year continuously for 
25 yeai'B nad not increased the humus content ol the sod, thus 
proving that the present rates of applying green manures to our 
Iropicai soils are at best sulhcient only lor maintainmg the status (juo 
without depleting the soil of orgamc matter still further. 

In another set of pot culture experiments in 1943 the diherent 
fractions of organic matter and mtrogen from added materials to 
the soil were estimated. The materials used were sunnhemp, 
mondnut cake and rice straw. The object of the experiment was 
to atttdy the possibihty of improving the organic matter and 
nitrogen content in irrigated black sod. It was found that when 
the ratio in the added materials of hgnin and cellulose td the 
pioteid was kept at 3 : 1 or 4 : 1, this result could be achieved. It 
was also notio^ that the addition of small quantities of super- 
phosphate was helpful probably because a supply of readily avail- 
able phosphoric acid was helpful to the bacteria responsible (or 
the breaking down of organic matter into humus. 

Qreen manure decomposition under swamp wet land condi- 
tions . — The decomposition of green manure under wet lauu 
conditions was studied in great detail during 1917 — 192U. These 
studies have thrown much light on the nature of the decomposition 
and other changes that green manures undergo when applied to 
swamp rice soils. JS'ormal fermentation of green manure in wet laud 
rice soils lead to the production of relatively large proportion of 
methane in the gases that are evolved during, decomposition 
together with some carbon dioxide and hydrogen. This process s 
wnat occurs when no crop is on the land. When a crop is present, 
the formation of methane, hydrogen and nitrogen is restricted. The 
voil conditions in a normal rice field are anterobic making nitrifica- 
tion impossible and hence it was concluded that the nitrogen 
required by the rice crop is obtained from the ammonia and o^er 
nitrogenous organic compounds produced by the anaerobic decom- 
position of the green manure. In the early stages of decompositiau 
of this green manure toxic products are produced and unless these 
are rraaoved in the drainage water or further modified by prolonged 
decomposition before the seedlings are planted, the crop is likely to 
suffer. 

In the course of this investigation it was noticed that the alga! 
Mm tix&t was formed on the surface of rice soils made use of the 
gases evolved from green manure decomposition, in such a manner 
6S to tuing about an increased oxygen output. This film further 
eoutains bacteria that are able to exidise methane and assimilate 
directly both methane and carbon dioxide. These react' ns finally 
iwilt in the evolution of oxygen. . Thus the algal film aids ia 
iocreaaing the oxygen concentration of the puddle in rice fields 
and fibe practice of green manuring increases the output of soil 

r s and thereby increases oxygen production and root aer ation, 
the basis of this finding, it would appear, that the beneficial 
eftsot of green manure in rice fields is more due to the increase^ 
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aeration of the roots than to the nitrogen that is made available 
for fhe crop. 

In 1930 this {ffoblem was investigated again under pot cultiure 
conditions. The role and efficacy of the algal film in promotii^ 
root aeration- were verified and confirmed but there was also aa 
indication that the nitrogen of the green manure was not lo^ and 
that the large volume of nitrogen observed under fallow conditions 
was probably derived from the atmosphere. From si mi l a r 
investigations in Ceylon it is reported that the effect of green 
manure is not merely indirect as aiding root aeration but also 
direct as a manure supplying nitrogen to the crop. A considerable 
amount of ammonia is produced during the decomposition of green 
manure and is utilised by the rice crop. To settle this point, pot 
culture studies were carried out at Coimbatore, with green manure, 
ammonium sulphate and control treatments. It was then found 
that ammonia was actually produced during the decomposition of 
green manure but that all of it was not recovered in the drainage 
water indicating that ammonia is either retained in the soil or 
utilised by the rice crop. This makes it clear that in addition to 
providing root aeration, green manure by its decomposition in 
swampy conditions also m^es nitrogen available to rice plants. 

Nitrification of soils . — Except in the case of a few plants like 
rice, plants generally absorb nitrogen only in the form of nitrates 
and the conditions under which organic nitrogen is converted into 
nitrate nitrogen have received wide attention. Both nitrification 
and its reverse process denitrification are due to bacterial action 
and bacteriologicsd investigations^ were taken up at Coimbatore 
during 1923-S^. The nitrification of groundnut cake, with and 
without app^cation of lime, at varying moisture levels, was studied 
on two types of soils, black cotton soil and garden land red soil 
of Coimbatore; and it was observed that lime tended to incrMie 
the optimum moisture content for nitrification in the garden-land 
soil. Nitrification was found to be more rapid in the black sod 
than in red under the laboratory conditions in which these studiM 
were carried out. In the black soils of the Central Farm, Coim- 
batore, the rapidity of nitrification was in this order; groundnut 
cake, castor ctdce, Pungam cake, ganja cake, fish guano and bom 
meal. On the red soils, ganja cake was the most easily nitrified, 
followed by groundnut cake. Judged by the yield of grain and 
straw in pot culture studies groundnut cake gave the best result 
and was distinctly superior even to ammonium sulphate. 

During the period 1936-40 a set of e3q>eriment6 were 
under field conditions to ascertain how soon green manure and oth«r 
bulky organic manures would nitrify when ploughed into the soil 
in July and how far the resulting nitrate would become availitiile 
for the cotton crop in the montii of October-Novembar. The 
manures tried were cattle manure, green manure and ammof^lnwi 
sulphate. Under field conditions ammonium sulfdiate wipe tfasi 
quickest to nitrify the next being green manure with cattle maapp 
as the slowest. The relative nitimmtion in these was of tiie oidtr 
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of 100 per cent, 60 per cent and 25 per cent, respectively. A pri- 
mary nitrification takes place eight to ten weeks after the manures 
are applied and ploughed in and a secondary nitrification about six 
montns later. The rate of nitrification is governed piiinarily by 
moisture conditions in the soil, a moisture content of 20 per cent 
being the optimum for maximum elficiency of nitrification. Under 
actual field conditions, however, the fields of cotton indicated that 
nitrogen was absorbed best from the cattle manure plot, least in 
ammonium sulphate and intermediate in the green manure plot, 
the cattle manure plot giving the highest yield of kapas as well as 
total dry matter. It has, therefore, to be concluded that nitrogen 
added in the form of ammonium sulphate is not fully utihsed by 
i*he crop. Laboratory examination of the deeper layers of soU 
showed that there was no downward movement of nitrate indicat- 
ing that the nitrate should have got converted into insoluble proteids 
by micro-organisms. The presence or absence of organic matter 
and the equihbrium ratio of carbon to nitrogen influence this loss 
by con vei Sion into insoluble forms. The carbon nitrogen ratio of 
cattle manure was 1() : 1, that of green manure 10 : I, while 
ammonium sulphate was devoid of any carbon and was all 
nitrogenous. 

Tlie comparative values of ditlerent green mamires have been 
determined and are summarised in tabular form furmshed at the 
end of this chapter. 

Decomposition of molasses in paddy soil , — ^With a number of 
sugar factories in the country, lerge quantities of molasses are 
available at present for which there is no satisfactory outlet^ 
although from time to time a number of possible uses have been 
suggested and ut tempted. The manufacture of powei alcjiohol, 
f(K>d yeast, use as road*biiuling material are some of the possible 
uses and in addition to these it has also been claimed that applica- 
tion of molasses corrects alkalinity in the soil. To' see how far 
this claim is true, a set of experiment was laid out in 1934-1937 
in the wot lands of tlie Central Farm at Coimbatore to study the 
decomposition of molasses and see how far it was beneficial in 
increasing crop yields or correcting alkalinity. The first observa- 
tion was that application of molasses in rice soils retarded biological 
activity , daring the first fortnight. Sugars disappeared within 
24 hours with the evolution of gases like carbon dioxide, hydrogen, 
oxygen and methane. No nitrogen was detectable. There was 
a rapid increase in lactic acid up to ter days followed by a gradual 
decrease thereafter. The general conclusion that w’as arrived at 
was that when molasses are applied to soils it is fermented rapidly 
with an evolution of organic acids. These acids are subsequently 
broken down, leaving the organic matter content at more or less 
the same level as in the beginning. No increase in crop yields or 
any improvement in the chemical, pliysical or biological properties 
of the soil could be observed as a result of applying molasses either 
on garden land or in wet land. A dosage of five Ions per acre 
decreased tfee yield of paddy, and higher doses gave no increases 
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and the experiments proved that molasses cannot be utiUzed as a 
source of increasing the organic matter in Madras soils. * 

Soil Conditions as affected by cbopping, cultabal and mandbial 

TEEATMENTS. 

In the Godavari and Tanjore deltas it is the usual practice to 
leave the land fallow during summer without any cultivation and 
take up puddhng only after receipt of water in the canals. This 
practice has always given a good yield of rice. In the Godavari 
delta when attempts were made to grow sugarcane oftener than 
once in three years as in the usual rotation, necessitating the 
ploughing or cipw-barring of the land after paddy harvest, it 
resulted in the land losing condition, and giving very poor yields. 
Similarly in Tanjore, the effect of a summer ploughing of wet 
lands has been to depress the paddy yield that season. In both 
these deltaic areas ploughing the laud in summer destroys the 
crumb structure of the soil and makes percolation of water difficult 
and very tenacious when wet. This serves to show that where a 
particular cultural practice is in vogue in a perticular locality or a 
specific type of soil, it should not be altered without a proper study 
of the possibihties of a change in soil structure thereby. 

Soil condition and manuring . — ^An investigation was carried out 
at Coimbatore on the suitability of sodium nitrate for rice lands 
and showed that soda entered into the clay complex with an 
adverse effect on the physical properties of the soil. This delete- 
rious effect was mitigated by the addition of adequate green 
manures with a plentiful supply of water. 

Soil condition and cropping . — In the black soils of ThirunelveU 
and Kamanathapuram districts there is svhat is known as the 
“ Cholam effect ” where the yield of any crop that follows a 
sorghum crop* is found to be poorer in yield by about 15 per cent 
than when the Mme crop is grown after a Bajra crop or a cotton 
crop. An investigation was carried on this problem at the Koilpatti 
Agricultural Kesearch Station during 1934 to 1937. The agro- 
nomic aspect of this investigation comprised various treatments, 
such as manuring, spacing, different seed rates, trial of alternate 
fodder crops in place of “ Irungu ” sorghum, application of lime, 
etc. The chemical aspect of the investigation included a study <k 
the nature and extent of soil colloids as influenced bv cropping 
with sorghum. It was found that a change occurred in the 
exchangeable soda content of the soil, as an after-effect of growing 
a fodder crop of sorghum. Analysis of soils at various intervals 
dunng crop growth showed that in both sorghum and bajra plots, 
exchangeable sodium increased progressively from October onwards, 
^til the crop was harvested in February. There was also a aimi% 
increase in the colloid content of the top layer of soil during crop 
groT^h. This progressive increase was, however, greater in thie 
TOighum plot than in the bajra plot. It was concluded that ^e 
nse of soda ” in the bajra plot had not re&ched toxic levels 
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whereas with the sorgiiuiii crop, which had a longer duration of 
one month more than bajra, the rise of soda attained a toxic 
level. The actual figures were 13*86 to 8*96 milli equivalents in 
the case of bajra plot and 3*94 to 11*14 milli equivalents in the case 
of sorghum plots. Boils were prepai'ed in the laboratory containing 
different amounts of exchangeable soda, irom 3 0 to 110 milh- 
equivalents. Cotton seedlings grown on these prepared soils grew 
well, up to 8*0 niilli equivalents but with higher levels of soda 
the roots could not develop properly. It was hence inferred that 
the greater rise of soda in the “ after-cholain ” soils is responsible 
for the Imriuful effects. When the sorghum crop was in the shot 
blade, the content of exchangeable soda was the saiiie as in bajra 
plots and agronomic experiments showed that if the fodder sor- 
ghum was cut at shot blade the succeeding cotton crop was not 
depressed in yield. This suggested that a solution to the problem 
was possible by harvesting the sorghum at the shot blade stage 
itself, instead of allowing it to stand in the field for one month 
longer for setting seed. This might result in a somewhat poorer 
yield of fodder for the area but would result in a better yield of 
cotton which is more profitable. 

It W”as not pissible within the specified period allotted for this 
uivestigatiou to follow up these findings nor to arrive at a satis- 
factory ex[»lanatiou of the j rucess by which the sod gets corrected 
by mere lapse of tnue after a fallow or after a crop of bajra. The 
problem of the deleterious after-effects of sorghum continues, how* 
ever, to attract attention in other parts of the country. Many 
theories have been j)ut forward but cuiivmcing experimental evi- 
dence iH lacking. In view of the im[K>rtance of this problem, the 
Indian Council of Agricultural Research has recently .sanctioned 
a research schenit* on this problem and the progress and results 
will he watched with interest. 

Soil cofiditions arid cropping — Betel-vine . — Following a 
complaint tliat the lietel-vine crop in tiie gardens along the Noyyal 
river banks in Coniil)atore were badly damaged b> a disease, the 
“ Karunihal ” disease, an investigation was carried out ii: 19tJ4 
at a place called Vellalur,.3 miles to the east of Podanur junction, 
jointly by the Agricultural Chemist, the Mycologist and the 
Entomologist. 

The chief feature of betel-vine cultivation in this tract was the 
extreme W’ater-logged nature of the noil. The fields were clayey 
and also in close proximity to the channels of the Noyyal river and 
it was not unusual during the monsoon months to see the fields 
submerged under w^ater. Betel-vines are, as a rule, planted on 
either side of raised ridges at the base of Agathi (Sesbania grandi- 
flora Pers), plants which serve as props or standards and the rows 
of which are arched at the top to form a sort of shady bow er. The 
trenches in between the ridges get deeper as the betel garden gets 
older as the soil is dug up and earthed up on the vines growing on 
these ridges. 
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On diagnosing the primary factor as lack of drainage, thc^ 
ridges were raised to 2 feet more than m the local practice and the 
yield figures compared with an untreated area. An improventcut 
of 20 to 96 per cent was observed in total yield, the hipest 
increase being obtained in May-July when normally the cc(^ is 
yidding its maximum. 

Along with these treatments the ehect of manures was also 
studied, chiefly with the object of testing the popular belief of 
the local growers that earthworms were the real cause of betel-vine 
damage. By growing the vines in rows manured with mineral 
mixtures like potassium nitrate and superphosphate the chances for 
earthworm were sought to be minimised, since earthworms need 
a lot of organic matter. The effect on yields of mineral mixtures 
and of organic manures were compared month by month. A survey 
of the earthworm population also was done periodically by the 
Entomologist. Jn addition, lime was used in another experiment 
as an addition to improving the drainage to prevent attack by 
fimgal diseases. The yield data showed that liming increased 
yields, and that organic manures gave the high yields and betier 
quality leaves than mineral manures. It was also noted that the 
quahty of leaves was invariably better on the vines grown on raised 
ndges as compared to the local type of ridges, liaised ridges gave 
healthy leaves while local ridges gave diseased leaves. 

It was thus established that defective soil conditions were the 
factors primarily responsible for the falling off of yield and quality 
of betel leaves, for which an improvement in drainage was the most 
effective remedy. The system of tenure that obtains in these 
gardens is also partly responsible for the trouble, as the tenant in 
a six-year lease tries to get as much profit as possible by conti- 
nuous cropping with betel-vine and sugarcane as a result of which 
fhe land gets water-logged without any chance for proper aeration 
or weathering. A periodical fallow would help a great deal in 
ameliorating the condition in these gardens. 

Earthworms and fertility . — ’The study of earthworm population 
and an analysis of earthworm castings during the course of 
this research scheme between 1925 — 30 revealed the following 
points : - -(1) Earthworm castings are rich in mineral constitutrats 
in a more easily available form than those present m the ordinary 
soil; (2) application of lime or mineral fertilizers decrease the 
population of earthworms, while organic manures increase their 
p< 9 nlation; (8) there was no e^'idence that earthworms were 
harmful for betel-vine growth since the organic matter consumed 
by them was returned as castings. Earthworms may be considered 
as natural tillers of the soil and friends of the farmer. It is esti- 
mated that nearly 10 tons of worm casts are brought up tc the 
surface in each acre of land in a humid region well supplied with 
organic matter raising the level of the land by 1 inch in ten yean* 
time. In Madias earthworm activity is very much in evidence in 
rice fields especially in the Tambraparni basin in the Tfairunelvdfl 
district. 
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Fundamental Studies on Soils. 

It would be clear from the foregoing account that much of 
the work done by the Agricultural Chemistry Section, in the matter 
of soil surveys, irrigation projects, alkali reclamation and soil 
amendments of various kinds, has all been based ujx>n the funda 
mental knowledge gathered on the soils of Madras, both in the 
field and in the laboratory. Among these fundamental studies, 
the work done on the origin and geo-chemistry of Madras soils 
deserve special mention. The earliest work was on the colour of 
the black cotton soils and the results pointed to the conclusion that 
the colour was due to the presence of organic matter or the pre- 
sence of a black mineral common to these soils. It was assumed 
in these early investigations that the results of a study made on 
black soils in Central India would also be applicable to black soils 
in Madras. Thus Annett, working in Madhya Pradesh, had come 
to the conclusion that the colour in black soils was mainly due to 
the presence of titaniferous magnetite and 1 to 2 per cent of 
soluble humus. The majority of the samples examined by this 
worker was from Bombay and Madhya Pradesh and only one 
sample from Samalkota was examined to represent Madras soils. 

When Harrison and Sivan applied Annett 's method examination 
was applied to typical soils of Madras State the black soils of 
Bellary, Kurnfx>l, Guntur and Thirunelveli districts, they found 
no evidence was found of magnetite material indicating that these 
soils were different from those of the Madbja Pradesh and Bombay. 
A more detailed investigation was, therefore, taken up commencing 
from the collection of soil samples from different regions and areas 
with full notes on the sub-soils and underlying rock formations. 
A preliminary grouping was made on the following line.s : — 

Tirunelveli-Ramanathapurani area. — 'I’lie underlying rock w’as 
granitoid gneiss, usually gametiferous but sometimes with a pre- 
ponderance of mica. In the water courses, pink, transparent, 
crystalline grains of garnet were found. 

Bellary area . — These soils generally rest upon Kankar beds 
with granitoid gneiss below and was distinguished from the 
Tirunelveli by the absence of garnet grains. 

Guntur area . — Overlying raetarnorphic rocks. Here the soil 
rested upon red gravel which, in turn, overlies weathered material 
derived from granitoid gneiss, chiefly micaceous in character. 

Soils of the Kumool area . — These soils, especially in the 
Koilkuntla taluk, are the best among the black soils of the State. 
They differ from other areas in that shales and limestones wer« 
found underneath. The deepest black colour associated with black 
soils is found in this area and there is a general belief that the 
darker the soil, the more suited it is for cotton. 

Soils of the Palnad area in Guntur district . — Similar to the 
Koilkuntla type, these soils also are rich in calcium carbonate 
which sometimes reaches a value of 20 to 23 per cent. The sand 
obtained from these soils contain a large proportion of W a et lime- 
stone. 
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Following Annett’s work, the soil samples were examined for 
minerals with specific gravity over 3 '2 and for the percentage ct 


magnetic particles in this fraction. A ratio of the percentage of 
magnetic to the non-magnetic was worked out and the results of 
this examination are tabulated below : — 

Serial number and places. 

Peroentage of 
particles with 
epeeiflo gravity 
greater than 8*2. 

Peroentage of 
partieies of 
magnetlo 
nature and 
speolflo gra« 
vitv more 
than 3*2. 

Baiio-^r> 

centase 

magnetlo/ 

peroentage 

ncm-magnm. 

Soils firom — 

1 Tirunelveli and Bamanathapuraxn 
districts , . 

1*029 

0*012 

1/65 

2 Bellary district, lying over meta- 
moiphio rocks 

0-362 

0*022 

1/16 

3 Guntur, over metamorphio rooks . . 

0*397 

0*030 

1/12 

4 Nandyal valley 

0*216 

0*017 

1/12 

6 Palnad taluk, Guntur distriot 

0*01 

0*01 

e • 


This examination indicated that it is possible to divide the 
regur soils of Madras into several types depending upon ; ^l) per- 
centage of particles of high specific gravity, (2) percentage of heavy 
magnetic particles and (3) proportion of the heavy magnetic particles 
to ihe heavy non-magnetic particles. In addition, a microscopical 
examination of particles with specific gravity over 3 2 was made. 
If was seen that the minerals present in a soil were distinctly 
related to those of the underlying formation. Thus the soils of 
Tirunelveli contain a preponderance of garnets, of Bellary synthetic 
minerals while those of Guntur were micaceous. This relationship 
between soil minerals and those of the underlying rocks pointed to 
the conclusion that although possessing common agricultural 
characteristics, and were, therefore, loosely included in one group 
these soils are derived from many diverse rock formations and that 
they are of comparatively local formation. 

Along with a study of these Madras samples, samples of black 
cotton soil from other States were also obtained. These were from 
Bombay and Madhya Pradesh and were all samples collected in 
places where the underlying geological formation was the Deccan 
Trap. Another set of samples was alluvial soils derived from 
Trap rocks. The results obtained from these samples are given 
below 


Serial namber and plaoe. 


Percentage of 
pnftlolee with 
•peeiflo mvltjr 
greater than 3*2. 


1 Soils overlying trap rook from 

Bombay and Madhya Praderfi — 

Average of 11 samples . . 8*06 

2 Altuviid soils derived from trap rooks— 

Average of seven samples^ five of 
these firom Bombay and two from 
Madras, Vijayawada and Samal- 
kota* • • 2*20 


Peroentage of 
magneUo 
particles of 
speotiic gravity 
grea^ than 
8-2. 

Bstfo 
peresnl 
msgnetle/ 
per sent non* 
magnetlo. 

1-02 

If# 

0-7» 

11 * 
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It will be seen that soils with trap rock underneath and alluvial 
•oils formed from rivers flowing through trap rock formation, have 
a very much higher proportion of heavy particles than all the soils 
from the different areas examined in Madras. The proportion of 
magnetic particles is also higher. While therefore titaniferous 
magnetite was looked upon as the substance which gives the 
chaacteristic colour with regard to the trap soils, its absence in the 
Madras soils indicates that the real factor responsible for the black 
colour is something else. 

The next step in the investigation was to determine the nature 
of Ihis colouring matter that was common to all the black soils of 
Madras. An experimental method was devised based upon the 
separation of soil particles into various fractions according to their 
specific gravity as given below ; — 

First — ^Heavy fraction particles — small in quantity. 

Second — Silicates and sand usually white — large in <|uantity. 

Third and fourth — Similar to the second fractions but smaller 
in quantity. 

Fifth — Large in quantity, dark coloured with a very low 
specific gravity. 

This fractionation showed that the fifth dark fraction was 
common to all the regur soils, whatever their derivation and to 
this should be attributed the dark colour of these soils. Micro- 
scopic examination revealed that this fraction was composed of 
compound particles of a transparent or semi-transparent* material 
held together by a dark -coloured cementing substance. Thi& 
cementing substance was ctdloidal in nature and very stable. After 
prolonged digestion with hot sulphuric acid and microscopical 
examination it was concluded that this cementing substance was 
an amorphous silicate. Evidence was also secured that there was 
a small portion of organic matter in eomhination with this silicate. 
In the case of Palnad soils from Guntur with a high content 
of calcium carhonate. the fifth fraction of dark-coloured particles 
was high when the fractionation was done without any previous 
treatment- with arid but when the experiment was repeated after 
decomposing the carbonate with hydrochloric acid, this fraction was 
reduced to nearly one-third the <|unntity accompanied by a distinct 
change in colour from black to buff. 

The conclusions from this investigation can now be summarised 
as below : — 

(1) The black cotton soils of India are derived from a variety 
of geological formations. 

(2) When not alluvial in origin, these soils bear a close 
relationship to the parent rocks. 

(8) Titaniferous magnetite is not a constant factor in the rcf/Wf 
Boila in Madras State. Even when occasionally found the amount 
is small. 
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Its occurrence in quantity is characteristic of the regur soils of 
the Deccan Trap formation area. 

The characteristic blackish * colour and physical properties of 
black soils are associated \fith compound particles of low Specific 
gravity; these particles being composed of a cementing material 
which is a colloidal hydrated double silicate of iron and aluminium 
and confers the black colour and physical properties to the soil and 
an organic portion, which has also iron and aluminium in 
combination. 

Soil profiles — Origin of the central farm soils — at Coimbatore, 
— One of the first attempts to utilize the modern concepts of 
soil profiles in tracing the derivation of soils, was with reference 
to the soils of the Central Farm, Coimbatore, in 1930. On these 
soils there was a distinct zone of kankar or limestone nodules of 
varying thickness below the ‘ A ’ horizon indicating that the soils 
must have been formed by transportation from elsewhere. By 
further observations on the topographical and other features it 
was inferred that the agency of transport must have been rainfall. 

Origin of soil types of Madras Deccan. — In the course of the 
Tungabhadra project survey it was noted that while the black 
soils extended over the larger portion of the area, the red soils 
were distributed like islands in a sea of black soil. There was no 
gradual merging of the black into the rt*d soil areas or vice versa, 
but on the other hand, there was a sharp demarcation between 
black and red. Various theories had been advanced to account for 
this adjacent disposition of black Jind red soil areas within the 
same tract. One of these was the thetiry that both red and black 
soils should have been derived from the same pareiit nx'k, the 
difference being determined by the topography. According to this 
view the red soil was the first formed and from them tht^ black 
soil was transported later on adducing in support the fact that rod 
soil w^as found on hill tops and higher slopes while black soil was 
found in the depressions and valleys. But it was found that black 
soils also occurred in certain places at an elevation of 1,600 feet 
and more and red soils over extensivt^ stretches in valleys and 
hollows so that it was difficult to accept the view that black soils 
were alluvial in origin and red soils non-alluvial. Further the 
climatic conditions of the tract had been in the same stable state - 
over the whole of the tract since very early times. Hence a new 
hypothesis was suggested that there* must he a difference in the 
genetic origin of the two types of soils and the wealth of soil samples 
collected in the course of the Tungabhadra Project Survey and the 
detailed descriptions of soil profiles was utilized to see if this 
theoiT could be substantiated. A detailed examination of the'' clay 
fractions from black and red soils was made on these samples with 
special reference to the silica-sesquioxide molar ratio in ithe two 
soil hypes. In black soils the clay fraction had a uniform silica** 
sesquioxide molar ratio of three, while the red soil was poor in 
clay content and the value of fhe ratio in this clay never exceeded 
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two. Again the black soils contained in their silicate complex 
6 to 12 per cent lime and magnesia whereas the red soils had little 
or nothing of these two constituents. Both black and red soils had 
about the same amounts of iron. Furtlier work showed that a 
high silica-sesquioxide ratio and high content of lime and 
magnesia in the clay complex were not in themselves the cause of 
the black colour in black cotton soils hut that such a composition 
gives clay of light grey colour which in combination with even small 
amounts of organic matter develops the characteristic black colour. 
This was proved by destroying the organic matter in these soils 
without affecting much of the inorganic clay complex by means jf 
hydrogen peroxide. It was found that When black soils were 
treated with hydrogen peroxide after pre-treatment with hydro- 
chloric acid the black colour was destroyed. 

As a result of these studies some evidence was also secured on 
the origin of black and red soils. Both types are likely to have 
been formed m mtu; their chemical composition lieing related to 
the mineralogical composition of the parent rock. The rrxiks 
common in the area are granites and gneisses and it was noticed 
that red soils occurred in the vicinity of rocks having a predomi- 
nance of alkali felspars while the black soils were associated with 
hornblende schists, trap dykes, highl\ basic gabliros and with 
limestones of the \ indhyan age. All these pointe^d to the fact t])at 
black'SdilH were fonm^d presumably from rocks rich in calcium and 
magnesium while red soils were dt*rive(i from nK*ks low* in calcium 
and magnesium hut high in potash. 

^Geo-chemistry of Madras Deecau Soils, — As a continuation of 
the foregoing work on the or?gin of black soils and rt*d soils, a 
scientific study of the soil as a unit by itself was carried out at 
Coimbatore making use of the extensive serie'^ of sc^il samples and 
profile descriptions from the Tungahhadra Project Purvey This 
study was along fiuir lines, morpliology, dynamics . minerological 
composition and clay complex niiruTals. Tlu» morphol<^g\ studies 
included a detailed analysis of the several hf>ri/ons in soil profih*s 
with a view to classify them on genetic lines, on the model of work 
on soil types in other part's of the w'orld. Rased upon their external 
profile features, the black soils of Madras Deccan could be com- 
pared to the other black soils of the w'orld like the “ Chernozems ” 
of Russia and the black prairies of North Anieric^i. The absence 
of the ‘ B * horizon in tfie black soils of Madras Deccan and the 
presence of calcium carbonate in all the profiles and of gvpsiim in 
some profiles show^ed that these black soils are similar to the typical 
chernozems, the only distinction being that while the ‘ C ’ hori- 
zon in Madras is granitic in nature the ‘ C ’ horizon in chernozems 
is the loesslike parent material developed under a climate cha- 
racterised bv a low annual precipitation. Madras soils are not 
suflSciently leached out as is shown by the considerable amounts 
of calcium carbonates. They are thus different from thhe black 
prairies of North America which have developed under higher 
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rainfall conditions and have a clearly marked ‘ B ’ horizon. The 
Madras Deccan black soils are further distinguished from the 
Chernozems by the absence of “ crotovinas ” by a low humus 
content, by a low degree of leaching and by considerable alluvia* 
tion of the finer fractions in the profile. 

In the earlier years the black soils of Madras Deccan on 
account of their apparent similarity used to be grouped along with 
the Bussian chernozems and it was only after these geo>chemical 
studies were carried out in 1940-41 that it was established that 
though there were morphological similarities there were also funda- 
mental differences between the two types of black soils. 

As regards the red soils of Madras Deccan the profiles were 
characterised by more distinct differentiation into A, B and C 
horizons. In other parts of the world red soils are met with under 
either podsolic or laterite conditions. The podsolic red soils are 
characterised by a bleached grey ‘ A ’ horizon which was not found 
in the Madras Deccan red soil profiles and hence these could not 
have been formed under podsolic conditions. In the laterite red 
soils — in other parts of the world, the natural development is the 
‘ B ‘ A ’ and ‘ C ’ types or horizons whereas in the Madras 
Deccan red soils, the horizon types were ‘ A ‘ B ’ and ‘ C *. 
Further the ‘ C ’ horizon in Madras red soils was weathered 
granite and cxintained no calcium carbonate, thus differing from 
the red sollls found along the Mediterranean coast. A detailed 
examination of various red soil types of the world revealed a close 
relationship between Madras red soils and the granite sandy loam 
of South-East United states and tp the red soil profiles reported 
from Palestine, .^sia Minor and Central Greece, where the climate 
is like that in Madras, particularly in the low humidity and 
rainless summers. 

These morphological studies at Coimbatore have servetl to 
classify the black and red soils of Deccan on the basis of Bigmond’s 
classification at the International Congress of Soil Science in 1939. 
According to this scheme of classification both red and black soils 
are soils of mixed origin or organic mineral soils. The black soils 
belong to the sub-group “ Humic siallites ”, Soil order — " Calcium 
soils ” and main lype — ” Black soil The red soils, on the 
other hand, come under the sub-group ” Ferric siallites ” soil 
order — ” Bed Earth " and main type ” Bed soil.” 

The second part of these fundamental investigation was on the 
dynamics of the soils and was designed to throw further light on 
the classification attempted above on morphol<^oal considerations.' 
From a chemical study of the soil types, the following general 
differences were distinguished between the black and red soils. 

Black soils had a lower content of free silica and a higher 
combined silica content than red soils. They had also a higher 
silica-sesqnioxide ratio than the red. The black soils contained a 
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hif^er percentage of calcium both as silicate and as carbonate while 
tfe red soil had only small amounts of these constituents. Gene- 
rally black soils contained also a higher percentage of magnesia ana 
soda than red soils. Besides these chemical dillercnces, black soils 
had also a higher proportion of the finer fractions, a higher vvitcr 
holding capacity and a low distribution of soluble salts m the top 
three feet. 

The common features in both black and red soils were a higher 
free silica content at the surface and increasing amounts of cam- 
bined silica with deptli and a constancy of silica-sesqiiioxide ratio 
within the profile. Jliese similarities point to a similarity m tiie 
extent of the influence of climatic factors like ranfall, temperaluie 
and of topography. The formation of tiie two types of soils often 
in close proximity may therefore be ascTibed to ditfercnces m the 
mineral composition of the parent rock and not external factors. 

As a corollory of this conclusion, the mineralogjcal composition 
of the soils as well as their parent rocks below, was investigated 
The soils were separated into various fractions with ditferent 
specifle gravities as below. 

(1) More than 2*9G Sq. gravity . , Musoovitorf, Blotitos iron miaerals. 

(2) Between 2*70 —2110 .. Talc, Plagioclaso, Mica. 

(3) »• 2'50 — 2*70 . . Quartz, Felspar. 

( 4 ) Below 2*50 .. .. .. Clay Minerals. 

The colour, crystalline form, cleavage, birefringence and other 
characteristic features of these minerals were studied m detail. 
Similarly the underlying rocks beneath these soil types w^ere 
{lowdered and divided into fractions. An analysis for chemical com- 
position was also carried out on these several groups obtained from 
the soils and the parent rocks. 

The mineralogical examination of the lino sand fractious of 
black and red soils combined with the results of fusion analybis of 
dillerent mineral fractions showed that there are some importaut 
characteristics for each type of soil regarding the mineralogical 
composition. When the three mineral groups and iheir amounts 
were studied, they showed differences m nature of the mineral 
contents between the black and red soils. The black soil contained 
a higher percentage of the first group (iron group) than the red 
soils, but the variety of minerals identified is wider in the red soil. 
The most important difference is that the black soil heaxy fractions 
contain minerals of the amphiboles and pyroxine group like horn- 
blende and augite unlike red soil which contains ilnienite, bhottie, 
epidote, garnet, and muscovite. On an examination of the 
minerological content of rocks it is found that the heavy fraction 
of hornblende bearing rocks contain amphiboles and pyroxines 
like sandy fractions of black soils while the micaceous and red 
granites do not. 

When the next group of fractions, i.e., between 2 :7 and 2*96 
specific gravity was studied it was found that mica was completely 
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absent in black soils while it was present in the red soils. In the 
next group, namely, quartz group, black soil sand was characterised 
by plagioclase felspar while red soils have microcline or orthoclase. 

It can thus be concluded on the basis of the above facts and 
mineralogical examination of fine sand in black and red soils that 
these soils have been developed from rucks of ditferent mineralogioid 
composition, liocks similar in appearance may really be different 
in mineralogical composition. The black soils appear to be derived 
from rocks containing a high percentage of amphiboles and 
pyroxenes characterised by the presence of large amounts of horn- 
blende and plageoclase. lied soils on the other band are formed 
from rocks containing mica and orthoclase felspars. 

The next phase of study was the analysis of the clay niinerais 
of the two soils by separation of the colloidal portion in sufficiently 
large quantities by suitable extraction and sedimentation over 
different periods of time. In the case of black soil colloids diges- 
tion with concentrated hydrordiloric acid was sufficient to bring 
about a complete solution of all the bases but in red soils digestion 
with concentrated sulphuric acid was found necessary. This was 
due to the fact that there were two forms of silicates, those com- 
pletely decomposable liy boiling in h.\ drochloric acid and those that 
are resistant to this treatment. These two fractions are generally 
termed as silicate A and silicate 15. In red soils this silicate 13 
fraction was present while in black soils it was absent. Further 
the silica/sesqui oxide ratio in black soil colloids was about three 
and of the red soil colloid about two. The cky mineral in the 
black soil colloid is montmorillanile, while it is kaohnite in red 
soil colloids. 

As a sideline of this investigation on the Madras-Deccan soils, 
some work was also done on the red and black soils of Coimbatore 
district, that are found in close proximity to each other in the 
Udumalpet taluk. Samples of both tyjies of soils from this area 
were separated into fine sand and clay fractions and studied in 
detail. It w'as then found that calcium exists mostly in the form 
of calcium carbonate, with very little of calcium silicate whereas 
the red soil sand contained no calcium or magnesium in the top 
layers but only some carbonates in the lower layers. The red soil 
sand contained more bases than the black soil sand, probably due 
to the irrigation which is practised in the red soils of this tract. 
In both red and black soils the lower layers contained more soda 
and potash. 

Microscopic examination revealed more hornblende and less 
leucoxenes in the black soil sand while red soil sand contained 
only stray bits of hornblende but more of leucoxenes. A study of 
the clay fractions showed that black soil colloids were presomiybly 
akin to calcium zeolites, while in red soils kaolin was indicated as 
the clay fraction mineral. In OobichettipalayaTn the red soils had 
their origin from calcium amphibolite indicating that rocks con- 
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taiuing calcium silicate in the absence of sodjum decompose into 
red soil. It was also noted during these investigations that the 
silica/sesqui-oxide ratio which is characteristic of black and red 
soils is dependent on the pH during tlie process of soil formation. 

The final conclusion from all these studies may be stated as 
that black soils arise from rocks richer in lime and soda lime 
minerals, while red soils are formed from rocks rich in alkali 

felspars. 


Permanent Manchial Plots, Coimbatoue. 

Following tile niodtd of the classical permanent manurial fields 
in llothamsted a simple set of jiermaneiit manurial plots was 
laid at Coimbatore in the year 1907, when the Central Farm was 
started. The objecjtive of these plots was to follow tlie effect 
during the years, of a regular application of fertilisers on different 
crops raised on the (’oimbatore type of soil. The fertiliser.^ chosen 
for trial were ammonium sulphate for nitrogen, siiperjiliosphate for 
phosphorus and pota^^sium sulphate for potash. Kacli ()f thesi* 
three fertilisers was applied individually and in coinhination with 
others and cattle manure was also included as an organic manure. 
Another plot which received cattle manure in the first >ear of 
experiment and never received any later on was to sc^e the residual 
effects of cattle manure application. A plot that received no manure 
of any kind scuved as the control plot. To accentuate the differ- 
ential c‘ffects of the fertilisers, and of cattle manure intensive 
cropping has lieen adojited in these plots, with sometimes e\en 
three crops in a single year. The crops grow^n have been mostly 
cereals: sorghum, ragi, paniraragu. snmai and wheat, tliougli 
cotton has also been raised m a few’ years. 

Nearly Ifiilf a century of this kind of continuous cropj)ing has 
now given very vahiahle data on the effect of ihlbut‘nt fertilisers 
on different crops. Further as €'aoh crop lias been also analysed 
chemically along with an analysis of the. soil once every year it 
is possible* to work out a balance slieet for the jdant nutrients and 
indicate the manurial re(]iiireinents of different crops as well. 

Perhaps the most important result of tliese manurial ex{>eri- 
ments is that the supply of nitrogen and phosphoric acid is tlie 
most essential for all the crops tried so far. Another conclusion 
is that cattle manure is <juite as good as and often sliglitly 
superior to a complete artificial fertiliser. It has also been noted 
that as a result of continuous application of artificials, tlie clay 
fraction is slowdy getting altered, the effect of potassium sulphate 
being particularly noticeable in this direction. 

The. main effects observed from the continuous cropping on sod 
roanured with cattle manure and artificial supplying N, P and K 
singly and in combination are as below : (a) Tlie treatment effects 
fall into two main group.s, pbospliates and non-f>bosphates, 
(b) cattle manure has been equal to and sometimes even slightly 
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superior to N+P + K and to N+P, (c) nitrogen applicatiotts 
alone are not sufficient to improve grain yield, (d) nitrogen 
plus phosphate (N + P) is a better combination than pho^hate 
and potash (P + K), (e) K by itself is ineffective in improving yields 
and potassic fertilisers are perhaps not really essential for the cereal 
crops that have been studied so far. 

Analytical and advisory work in the Agricultural Chemistry 
Section . — One of the major items of work in the Agricultural 
Chemistry section of the Department of Agriculture is to an^yse 
various samples of soils, manures and feeding stuffs that are 
received from agriculturists and give them the necessary advice 
on the queries raised by them. These samples amount to nearly 
1,500 per year from the various districts, taluks and villages and 
the advice asked for is mostly on the suitability of particular soils 
for growing specific crops, the need or otherwise of applying ferti- 
lisers to correct any deficiency of plant food elements, advice 
regarding the alkaline or acidic nature of the soils and how best 
to correct it. A large number of water samples also are received 
for analysis and advice regarding the suitability of wells for grow- 
ing particular types of crops. In addition to these, the analysis 
of manures both organic and inorganic is another important item 
in the analytical and advisory work of the Chemistry section. 
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Atdi-erosion measures advocated by the Agricultural Department, Madras, up to 1943 — oont. 

Taluks. Bunding. Scooping. Field OuUg CoMour Planting. 

weira. plugging. ploughing. 
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CHAPTER 17. 


IRRIGATION. 

ifttoms of iirigatioii — ^Prodnetive and proteetlvo sehemes— 
Mood for inrIgatieD teseareh--Siiitable tolls, crops, practicM and 
mdor nquironionta— Tbe Irrigation Development Board, Early 
ei^pcriments, duty of water— Experiments on ryots’ lands and at 
A^eultural Researeh Stations— irrigation of black soU, speciid 
features— The Agricultural Research Station, Slruguppa and the 
fundamental and agronomic investigations on Irrigation— Results 
aeUeved— Block systems of Irrigation under the Tungabbadra 
Proleet— The BhagavadI Demonstration Farm. 

Agricaltural prosperity is always associated with water, the 
most important limiting factor for crop production. The natural 
source of supply for ail vegetation in the world is of course rainfall, 
but wherever this is scanty, man’s ingenuity has enabled him to 
secure an artificial supply of water for raising his crops. This 
artificial application of water to lands, whenever the rainfall is 
not sufficient to meet the full requirements of crops, is known as 
irrigation. 

Systems of irrigation . — Methods of irrigation have assumed 
different shapes in human hands, such as dams, barrages, anicuts, 
tanks, spring channels and wells. Dams are constructed across 
valley^ and rivers to impound the w’ater which runs to waste in 
certaia seasons of the year which it is either not wanted or cannot 
be completely utilized. Such storage enables the regulation of 
wat«r-6tq>ply at a later date when the crops need water. Barrages 
and ankuts are constructed across perennial rivers to divert the 
water flow into canals which feed tanks and irrigate fields. Tanks 
are ^rigned to store rain-water collected in the catchment area 
or canal supply to be used later for irrigating crops. Spring 
channels and wells are dog to tap underground water for irrigation. 
These systems of irrigation which have helped man to fight against 
nature’s caprices and increase his crop yields, depend ultimately 
upon rainfall. 

PfQductive irrigation .— development of irrigation agricul- 
ture is limited by the water-supply that is available and tlie cost 
of construction of irrigation projects. It is a matter for common 
knowledge that the cost of an average project runs into crores of 
rupees and the agency which invests the amount naturally examines 
and sees before investment whether the capital so invested can be 
recoup^ in course of time. It has generally been accepted that 
any irrigation project, in order to be productive, must be capable of 
yiudi^^ a three per cent interest on the capital outlay. In 
•anotkming new irrigation jn-ojects, therefore, one of the prime 
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aspects examined is this financial potential productive capacity of 
the project. 

Proteetive irrigation. — ^However, there we certain areas where 
the idea of a scheme being productive, cannot be the sole consider- 
ation in launching a project. In the Ceded districts, for example, 
the rainfall has always been uncertain and insufficient and famines 
are of frequent ocearrenoe. In such areas, aq irrigation project, 
though unproductive in nature, has to be launched as a prote^ve 
meanire, fw averting famines, by ^viding water in years oA 
bad rainfall to mve the crops from failure. This ^stem of ini- 
gation is called a protective scheme of irrigation. 

Irrigation schemes are thus productive or protective. On 
humanitarian considerations, protective schemes are likely to get 
emphasis but any long range policy should combine production 
with protection. Almost all ^e irrigation projects in Madras State 
are of the prodiwtive type. The only big {Nt>ject in whidi the 
protective aspect was considered first is the Thnngabhadra Project 
and even this is expected to become eventually a p^octive sdieine, 
when the results of research are applied in an intelligent faduon. 
The various irrigation projects in our State, the ayaoots they 
command and the returns they yield on the original investaaeat, 
are furnished in the following tabular statement. 


Kama of tlie igniteiii (prodiioti^e). 

AiMinaorea. 

Pamniiph 

eapital outlaj. 

1 Qodavaii 

2 Krishna 

3 Canveiy 

4 Fennar 

6 Periyar 

6 Lower Ooleroon 

7 Other gystesss 

971,964 
806,288 
270,219 
117,199 
19,471 
84302 
. 668,818 

22'22 

18*72 

]4'88 

888 

6*76 - 

11*84 

8*10 


2327,786 

9*06 

Ohprodnotlve w«nk . . 

862,089 

yaBomiv. 

1*80 

Total 

8,196,777 


Area under irrigatiou. — ^The areas 'irrigated in the Madras 
State during the yews 1948-44 and 1948-49 are shown In the 
following table • . , , , 

'' f ' i • 

AOS. 

ttii-se 

AOS, , 

1 Irrigatioa by qgiiefnewel csesti'iiws 
vsriaujj^vjMW .. .. ,.• 

t Xrrig^Ufla by |ghret« ehaiwwii 
9Iariga«l«i,b)rtai|In 

4,U«,mM - 

t.48tm 

' ’ 1 

4i.ffitt.irt 

' j(i#y 
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1043-44s 

1949-49. 

4 Wttlls hftviog ii^dependent ayao^tfl 

▲oa. 

1.64|,M6 

▲ 09 . 

1,784,166 

4 W4U0 iuppliineiiting reoQgnivwd 

mrittoea of irrifation 

207,902 

297,836 

4 OUiar aoiifOMs f .e,, fpring ohannoli, eio. 

303,457 

335,948 

Total .. 

S,^3SAM 

9,854,212 


It iviH thus be seen that the major irrigation {nojecta from rivers 
cover nearly 40 per cent of the total area while the tanks 
cover only M per cent. Nearly seventy per cent of the total area 
nnder irrigated crops get the supply of water by gravitational flow, 
while about twenty-flve per cent of the area under wells has to 
d^end on lift irrigation through manual, bollock or mechanical 
power. 

Need for irrigation reaearcfc.— Maximum utilization and quick 
returns are the prime factors in any large-scale enterprise and irri- 
gation projects are no exception to this rule. Before an irrigation 
|Hojeet is launched, therefore, the question most be examined frcnn 
all aspects of soil, crops, and their water requirements, agricultural 
practices, etc. 

Soils . — The soils under various irrigation systems in Madras 
State are varied. The alluviums of the deltas, the typical garden 
lands of the Central Districts, the red soils of the orchard, the 
latwite formations on the West Coast, the sandy strips along the 
coast line and the heavy, deep black soils of the Ceded districts 
are some of the soil t 3 rpes which carry some crop or other, depending 
on the water supply. These different kinds of soils cannot be 
expected to react all in the same manner to irrigation. 

Crops. — Secondly, a wide variety of crops is also raised under 
irrigation. The crop that immediately strikes the mind when one 
thinks of an irrigation project is rice. This is the crop that is grown 
along with betel vine, bananas and turmeric in wet lands whenever 
cc'pious irrigation water is available. These crops are cultivated in 
areas where the system of irrigation is by gravitational flow in 
channels from rivers and tanks. In gulden lands, irrigation is 
mostly by lift against gravity, from w^ and the crops raised are 
cotton, millets, pulses, wheat and vegetables, although sugarcane, 
banana and rice may also be raised occasionally in small areas. 
Ondiards gel irrigation either frofii oan^ or from wells. 

JPraeUega . — To meel this wide variety of soils and crops, different 
Mgation practices have been evolved as suited to certain tracts. 
For (Niample in the deltas, irrigation of wet lands is always by 
^vititional flow from the channels and the <mwation does not 
reouire much labour. In Chittoor, North Aroot, ^lem, Coimbatore 
and districts df the south, irrigation is mainly frean tanks and 
Weillw. While irri|fation from tanlra is more or less simitar to that 
fraw fWnis, irrigation from wells presuiti a diffisrent problem. 
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depending ciiiefly on the d^th of the water table. Various 
devices like the picottah, inhote and other mechanical contrivances 
are used. 'For the gardeh-land ryot of these disti^otB irrigation 
charges constitute a substantial portion of the cost of cultivation 
and that is the reason why the cultivation is limited in area 
when irrigation has to depend on wells. Again on the sea coast 
strips, as in Bapatla where the water table is very high and where 
the soil is sandy and ^oes not permit channels to be formed, 
irrigation is done by splashing from pots. In such localities it is 
needless to point out that the holdings are small and the crops that 
can be raised are also limited in number.': 

Water reqidremenU of crops . — There is again the other 
problem that different crops re<juire different amounts of water, 
depending on their duration, their physiological re({uirements, r^< 
fall and the conditons under which they are grown. With the same 
amount of water, therefore, different areas of different crops can be 
raised and it is essential to know how best to utilise the water for 
bringing the largest area to maturity. It is this idea that is the 
basis of what is known as ‘ duty of water ’ for different crops. 
The " duty of water ” is defined as the area of a particular crop 
that can be successfully raised to maturity, with a flow of one 
“ ausec ” (one cubic foot per second) of water during its growth, 
including rainfall. For wet crops like rice, the duty will be low, 
for dry-irrigated crops the duty will be high, whereas for crops like 
sugarcane, bananas, etc., the duty will be mid-way in between 
these two extremes. The doty of water has been worked out for 
different crops in different localities and these results are made 
use of to determine the ayacuts under irrigation projects. 

It will be seen therefore that with different soil types, different 
crops, different irrigation practices and varying water require- 
ments, irrigation agriculture is very much mure diflicolt and 
intensive than dry land agriculture and there is need for definite 
information on the various aspects that are involved. 

The Irrigation Development Board . — ^Tbat irrigation agri- 
culture needs research in varbus directions has been recognised 
for quite a long time. As early as 1926 the Boyal Commisnon on 
Agri^ldire, drew attention to the lack of irrigation research in 
this State and finding that the wat«r requirements of crc^ are 
studied cn entries} lines by lirigation Engineers, strongly rsocoi- 
mended the oiganasation (ff irrigation research hinging ^e AgH- 
ouUural and Inrigataon experts into close oo-ofieration. Again 
Mr. Priestly, Sp^ial Officer of the Ujf^ Bhavani Project, «|- 
pressed his inability to g[ive any definite opinion on the {ooja^, 
for the reason that he fai^ no inloimBtion on the natora of &e 
soil, ^6 erops that wmc nutadiie and tite practices to be adapted. 
In 1942 the Oovemmnat senouriy ecmaidered a propcnl igr 
starting a Central InstitiAe for Irrigation Beseanfli, 1^ later on 
dropped the since the remUs <Mained would he imfiir 
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flriifiicisl- conditions and might not be applicable to all the areas. 
They then recommended that research expehments should be 
conducted in some of the existing Agricultural Ilesearch Stations 
in collaboration with the Public Works Department. Meanwhile, 
the Irrigation Development Board wag constituted in 1930, to co- 
ordinate the activities of all the departments and solve problems 
connected with the existing irrigation systems and investigation of 
new projects. The members of the Board were the Commissioner 
of Land lievenue and Settlement, the Chief Engineer for Irriga- 
tion and the Director of Agriculture. One of the main items of 
work of this Board was a periodical review of irrigation experi- 
ments carried out jointly on ryots’ lands and in the Agricultural 
Besearch Stations by the Chief Engineer and the Director of 
Agriculture. 

Duty of water — Experiments on ryots’ lands . — Some of the 
first experiments on duty of water were conducted in connexion 
with the Lower Bhavani Project in ryots’ fields in two places 
Perundurai and Modachm* in Coimbatore district. The crops tried 
were cotton, bajra and groundnut. The object of the experiment 
was to find the amount of water required and the frequency of 
irrigation for each crop. The experiments at Modachur and 
Perundunp were under well irrigation with arrangements to 
measure water led on to the fields by first storing it in a tub of 
known dimensions. It was felt that this technique could not be 
compared to the conditions that would prevail later on under the 
Lower Bhavani Project with flow irrigation. The experiments 
were then continued during the years 1933-36 in Kugalur and 
Chinnasamudram where water was available by flow from the 
channel. At these centres the water was measured by specially 
constructed V — notches, making it possible to make very accurate 
calculations under Project conditions. Chinnasamudram is in the 
first crop zone and Kugalur in the second crop zone of the project 
area. The results showed that water consumed by the chief 
commercial crops, namely groundnut in the first crop area and 
cotton in the second crop area was slightly ^eater than the pro- 
ject provisions while the re(}uirements for food and fodder crops 
were lower. It seemed likely therefore, that when food and 
commercial crops were grown in rotation, the total quantity of 
water required by the area as a whole would be within the project 
allowance. At the same time it was seen that Cambodia Cotton 
gave a more profitable return than cereal crops. 

S*urther the existing Bhavani channels irrigating rice, work at 
the low duty of 30 acres pec cttsec. To convince the ryots that a 
higher duty of water was quite possible, experiments were con- 
ducted ond» one sluice in Tadej^lli channel from 1930 to 1934. 
The final conclusion was that the sluices could be remodelled for 
a duty of 40 and with a slightly lower figure during the traiw* 
plant^ period. 
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AvMNige of four pMn. 
180 M«y.SmteiBb«r. 

130 Hanh-JuM. 

100 6 motoUia doratioo. 

168 Jone-SepleaitMr* 

368 Aag m t -M Mph. 

136 JulyOotobar. 

384 Movambw-llanb. 

108 Juae-SeptMslMr. 

166 JulyOowber. 

60 Siogto orop. 


The mean duty of dry irrigated crops worked oat to 17$, 

whereas the approximate duty for rice is GO. It will be seen 

therefore that t^e duty of dry irrigated crops is roogbly three 
times that- for rice. It will also be noticed that cotton has the 

highest duty and a larger area of this money crop can thus be 

raised for a definite quantity of water, so that cotton has a great 
scope uqder projects such as the Lower Bhavani and Thunga- 
bhadra projects. 

It is interesting to note that as against an average duty of 
60 receded for rice in all the Agrieultaral Research Stations, 
most of the rice under the present canals and rivers work to 
a duty of cmly 30 or so. It is thertfOTe evident, that by a more 
economical use water and faf modification of sluices wherever 
necessary, a larger urea can be hrou^t under rice with the ok* 
ting supply (d water itself. 


Tratumitsion loim.— To stddy the transmission losiet ia 
canals and field channels, experiments were conducted in ryots, 
fields in Avadiaphral, Kugalnr, Arkankottah and Tadepalfi. The 
obsorations wwe made to see bow far the sdlowance for tnms* 
mission loss in the Lowj^ ]Wiavani Project, namely, eight hdseoe 
per ^nare feet ran of watoi; (Mtoed with the actuals, ifie tekii|iii| 
obtained generally ..:mdioaie(^ tlto assnmptoms made kkre ok 

the si^e-nde, exo^ in. a few oMSe whi^ could be atirihntod to 
the disrimilarity bkween projlaBt ehann^ and the 
chamiets. 
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•^fiantpimtion lo0tei.—Bioe being the most importuit crop 
mder eny irrigation project, the transpiration losses of this 
were studied in Marutwu and Aduthurai. Losses by evaporation 
and seepage ifom the soil were also recorded. It was found at 
Maruteru that an averse loss of 0*02 inches per day', per acre, 
occurred due to transpiration in the main crop and that the corre- 
sponding figwe in Aduthurai varied from 0*01 to 0*05 inches. 
Evaporation losses contributed another 0*02 to 0*03 inches per day, 
while the seepage loss in Aduthurai was found to be about 0*02 to 
0*03 inches per day. All told, the total loss due to transpiration 
by the crop, evaporation from the , surface and seepage from the 
soil can thus be put down as 1/10 inch pw day per acre in the 
deltaic areas. 

The object of these studies was to get at the minimum 
requireoMNits of water for the maximum yield of crop. Simul- 
taneously with the above experiments fundamental research on 
some aspects of irrigation in relation to crops and soils was also 
conduct^ in some cd the stations such as Hagari, Coimbatore and 
Simgnppa. 

The water relationship of cotton. — At Hagari the experiment 
consisted in a study of the water relatioi^ship of the cotton plant, 
to determine the variations in the rates of transpiration of some 
reiM'c^ntative Madras Cottons belonging to the species G. hirsu- 
tum, G. arboreum and G. herbeceum. Later, the scope of the 
study was extended to the determination of the relation between 
the transpiration rates and various plant characters like seed 
weight, lint weight, ginning percentage, lint length, maturity 
percentage-all characters of economical importance in the selection 
of the most suitable types. 

These varieties of cotton were grown under controlled condi- 
tions with know^n percentage of moisture levels in the soil. The 
rssults indicated that in all the varieties studied an increase in 
the moistnre level tended towards a better developed root-system 
with a longwr tap root and a huger numbo* of laterals. 


A higher moisture level also contributed to better growth 
above the soil, the plants growing taller with an increase in the 
number of interhodes, more branches, larger and more numerous 
leaves, This increase in growth also resulted in an increase in the 
number of flowo-s and bolls. While an increase of moisture 
8i3^ply thus tended to increase the flowws and bolls, shedding ef 
bolu wd lowers was also increased, differentially in the three 
varieties. This, to a'certain extent, reduced tiie fine! rield. For 
expuBiple at 16 per cent moistnre level H .1 Cotton (G. nerbaceum) 
rg^nam more flowers than Euunganni (G. arboreum). But in 
H 1 Cotton, the shedding was 8t) per cent while it was only 
84. pw cent Kahmganni. It would thns snpeu Skrun- 
as a, aaore drought resistant type than H 1 and as judged V 
%e guan^fy of water required to produce a unit weight of kapas 
tx se^ oottcm, Earonganni is the moos eoobixeihsd 1^. 
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At the Option Bree(|ing Station, O^mbatore, anoltMt {>i«Uem 
stodied wae how best to krigste Cambodia oottcm attdar tito oobS* 
taons peotiUai^^to the k'aot> so as to get an incteased MitttRil stttii 
the minimom water-eapj^y, with a view to redOM tiba^eoat af 
cmltivation. The quality of the irrigation water Wae not gned a» 
the total sait c(mte.nt was high and it was feared that too t&mj 
irrigations, while they may not be neoessaiy for' the crop, might 
spoil the soil condition. Experiments were condoc^ed with 
Cambodia cotton strains Co. 2 and 1267. 

The results revealed that the 15th, 18th and 2lBt wedks after 
sowing were the critical periods in the growth of the crop and 
during the period of December-January, two irrigations given at 
four-week intervals were the most profitable. Irrigations given 
every week were both unnecessary and wasteful. Some pot cruture 
experiments carried out as an adjunct to these field studies ra>n- 
finned the critical periods of cotton growth. It was generally 
found that a moisture level of 30 per cent right through the life- 
time of the crop gave the best results in cotton. 

Irrigation of black soils. — The problem of irrigating black soils 
assumed importance with the advent of Thungabhadra Project. 
After a soil survey of the Project area' (reported under soils and 
soil studies), the Government Agricultural Chemist, while recom- 
mending the inauguration of the project, bad suggested 
opening of a Kesearch station. On this station problems relating 
to irrigation were to be studied by experiments laid out on the 
field, BO that confirmation may l)e obtained of the results ol labo- 
ratory examination on soil samples, drawn from the Project aresL 

Agricultural Research Station, Siruguppa. — ^It was for this 
purpose that the Agricultural Eesearoh Station, Sirugu|^, was 
started with about 92 acres of black soil with a ^picsl soil profile 
rejn-esenting such soil as constituted the major portion of pro- 
ject area. Water for the conduct of the experiments from the 
Tungabhadra was provided by pumping the waiter £r«n Toii§a* 
bhadra channel in Siruguppa. A good deal of research work was 
done on the station since 1937, including a fundamental study 
of the physico-chemical reactions, of light and heav^ irrigatiims on 
the deep and shallow black soils, on agronomic investigation to 
determine the suitable crops and season, the best rotation and soil 
management and crop breeding to evolve Cambpdia strains suihri>le 
for irrigation in bteck soils in the late (hingari) season and to find 
out a variety of late sorglium fhingari jonna) suitable for irrigation 
in black som< 

Fundameittd research— Light wrigatton on deep hlacU 
Experimeuts were started in 1907 to study the movoneni of 
sol^ salts -in deep .Wack >oU8 with light irrigation of VBfy'mg 
magnitudes, nam^y„ (1) No irrigation, (3) Irri^tion as uid 
the crops require, (3) Irr^ation of two inehes m Ifi days, (4) tea' 
gation of . two inpbesjpnce in (S) Itrigatitm of Ibraf jM)ia 
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once m 30 days. The crops grown were sorghum and cotton in 
the hingari season. No ploughing or manuring of the field was 
done, lest it distuih the physical and chemical status of the soil, 
l^re-irrigation samples of soils were taken first and subsequently 
soil samples were takeu regularly every year in summer after the 
harvest of the crop grown and analysed for water soluble salt 
content. The results showed no indication of a rise of salts to 
the surface of tiie soil at any time to make the land saline or 
alkaline as a result of irrigation. 

Light irrigation to shallow soils, — ^In soik of this type it wa> 
thought that since Garusu is more superficial, the salts, if accu- 
mulated as a result of irrigation, may rise to the surface in 
summer. For this study, three rounds of soil samples were taken 
in each year to determine the salt content of the soil profiles with 
or without gypsum. The soils under study were manured and 
irrigated once a fortnight. The first round of samples was taken 
after manuring and before sowdug the crop, the second round 
after the harvest of the crop and the third round during the 
summer. Tlie soil profiles W’ere divided into three zones, namely, 
(a) first layer which is all composed of soil, (6) second layer com- 
posed of a mixture of soil and ' Garusu ’ and (c) third layer com- 
posed of * Garusu ’ oiil\ . The results showed that in all the three 
roimds of samples, a greater percentage of salts is seen in the 
thh*d layer in both the types of soils which indicate that no upward 
movement of salts takes place in any type of soil. 

Heavy irrigation to medium and shallow soils under wet land 
conditions. — ^As a contrast to controlled irrigation of the dry crops 
discussed above, the system of wet land irrigation followed in 
raising rice and sugaixrane is entirely different. The movement 
of salts was studied in black soils, when crop{)ed vrith single crop 
rice, double crop rice and .‘jugarcane in rotation. 

The sainjiies were taken at each foot level of soil from the 
above Uiree systems and analysed for the total water soluble 
salts. The results revealed that in all the systems of wet land 
cropping the soluble salts were much less in the post-irrigation 
sampbs than in the pre-irrigation ones. The values w^ere higher in 
aU the oases in the lower layers of the soil inspite of adding 
manure every year once in the case of the single crop rice and 
twice in the case of double crop rice. An examination of the 
vaiuQs with the progress of years show^ed a steady decline of salt 
values in all the foot levels. 

The above points confirmed .once again that there is no upward 
movement of soluble salts, inspite of adding manure every year. 

Soil moisture studies, — These studies w^ere made to obsetve 
the penetration and retention of rainfall and irrigation water 
applied to the black soils under ‘ dry * and ‘ irrigated ' ooBdi- 
tioJis. Cotton and Sorghum were grown in the experimental plots 
in alternate years. Soil samples were taken from cotton, sorghum 
and fallow plots ttnd^ the three irrigational treatments, namely, 

A4C.~61 
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no irrigation, two acre-inches once in 30 days and ryots’ method 
(irrigation given as and when the crop requires). 

The data collected showed — 

(1) that the percolation of rain water to lower layers is found 
to be slow in the case of dry plots due to the heavy nature of the 
black soil but once the moisture film gdts established, th^ perooka- 
tion of water to the lower strata gradually improves, 

(2) that in the case of irrigated fallow plot the percentage 
of moisture due to seasonal variation is negligibly small below X2 
inches of soil, whereas in the case of plots cropped with sorghum 
and cotton the depletion of soil moisture is noticed right down to 
three feet, 

(3) loss of moisture in the irrigated plots is confined to top 
one foot only, 

(4) the percentage of loss of moisture in the top layers of 
soil is found to be higher in the irrigated plots than in the dry 
plots, and 

(5) the plots receiving irrigations show a uniform moisture 
content in all the layers up to the third foot, whereas in the dry 
plot the percentage of moisture increases with depth. 

Study of green manure decomposition in the black soil . — ^The 
decomposition of green manure applied to the black soils under 
dry and irrigated conditions was studied in this experiment. 
Cropping was restricted to the hingari season only. Green 
manure was applied at the rate of 10,(X)0 lb. per acre. In the soil 
samples drawn from the plots treated with the dose of green manure 
the ratio of carbon to nitrogen was estimated as an indication of 
the soil fertility. It was observed that the application of green 
leaf every year tends to improve the carbon-nitrogen ratio and 
the fertility status of black soil. 

Salt tolerance studies. — Pot culture studies were made with 
sorghum, cotton, wheat, korra and chillies with different con- 
centrations of sodium chloride, ranging from 0',05 to 0-50 per 
cent. The results showed that only sorghum and wheat were 
tolerant to higher concentrations of salt up {o 0'20 per cent wfaioh 
is also found to be the limit of alkaline tolerance of most crops. It 
may be mentioned in this connection that the salt content of the 
top three feet of the black soils at the Agricultural Eesearch Glta- 
tion, Siruguppa, has come down from O'll to 0 08 per cent in dry 
lands and from 0-63 to 041 per cent in wet lands by continuous 
irrigation during the past ten years. It should be noted that these 
percentages are well within the limits of alkali tolerance of the 
ordinary crops of the tract. 

Study of salt content of Thungabhadra water. — ^Examinations 
of water samples collected from Siruguppa channel every month 
showed that the salt concentration ranged from 9 to 28 per 100,000 
pwis of water. These values were lowest in the months of July 
and August when the river is normally in floods and a steady rise 
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-occurred from September to April. The investigations thus showed 
that even in summer, the concentration of salts is far below the 
dose that is harmful to crop growth. 

Estimation of silt content of Thungabluidra river water , — 
Water samples drawn at different depths of the river Thunga- 
ohadra at the anicuts of Siruguppa, Vallabhapuram and Hosakotta 
and also from the three channels taking oif from them were ana- 
lysed for silt content and the results indicated no difference between 
the silt contents of the river and channels taking off from it. It 
also showed maximum silt content during the floods and minimum 
in summer. 


Ageonomic Studies. 

The main line of these investigations was to determine the 
kind of crops that could be successfully grown, the depth and 
frequency of irrigation, the best time of sowing, cultural practices, 
rotation and soil management and the most suitable crops for the 
different systems of blocks proposed for the project. 

Response of irrigation to the e^risting dry crops . — The chief aim 
of the project irrigation was to give protection to the dry crops of 
the tract. The irrigation trials conducted with dry crops, viz., 
sorghum, groundnut, ‘ korra * and cotton, with and without appli- 
cation of manure, sliowed that, while the dry crops did not give, 
with mere irrigation alone, any appreciable higher yields than 
the normal rainfed crops, most of them showed a good response to 
indgation, when heavily manured. The results of these experi- 
ments are given below : — 

(a) Crop yields as a result of mere irrigation 
(without manuring). 


Crop. Treatment. Aero yield in lb. 


1 Looal 

Itainfed 

401 

grain. 

Mungari*Patoha jonna . . 

Irrigated 

450 

» 

2 Looal Ck>tton (H. 1) 

Rainfed 

Irrigated 

399 

433 

kapcka. 

9f 

(b) Crop yields as a result 

of both irrigation and manuring. 

Crop. 

Treatment. 

Acre yield in lb. 

1 Local Cotton (H. 1) 

Manured and iirigated. 

1,313 

kapae. 

Hyderabad American Cotton 

(BJL, ll). 

Manured and irrigated. 

1,217 

>8 

2 Looal irrigated * Jonna* 

Manured and irrigated. 

1,802 

grain. 

IaocsI * mungari patcha jonna *. 

Do. 

1.878 


Z XiOoal korra 

Do. 

2,030 

•t 

BX 528 « korra * (Coimbatore). 

Do, 

1.832 



CompariDg the yield figures in statement (a) with those in 
statement (b) it would be seen that the increase of crop yields is 
three to aix.fold under manured and irrigated conditions. 

A.M. — 6lA 
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Effect of early and late sowing of crops . — At present the <diy 
crops of ttM tract are sown in any part of the season, conditioned 
by the incidence of rain and nature of soil. With tto advent of 
irrigatiou, crops can be sown in the proper time, with better 
yields. 

The trials conducted to find out the optimum time of sowing 
on the important crops of the tract, sorghum, ‘ korra ’ and ground- 
nut, showed evidence of good response, when sown in June while 
for sowing cotton, the second and third week of August was found 
to be the best. Late sowings of the above crops adversely affected 
the yields and especially so in the case of American cottons. This 
is well exemplified in the ‘ time of sowing trials ’ conducted on 
four varieties of American cotton, the results of which are given 
below ; — 


Kaimm yield In lb. per aore. 


ViATietie^. 

(1) M.A. 11 <Mysore- American) 

(2) Parbhani American 

(8) H.A. (Hyderabad* 

American). 

(4)a-lXQ. 2-5 




1493 1,302 ' 810 

088 1,014 614 

833 891 347 

783 825 462 


180 

^18 ► oeived normal 
) manuring and 
gg I irrigation. 


In all cases, higher yields were obtained in the first two batches 
of cotton sown in August, Besides the time of sowing, other 
factors that should be taken into consideration for good cxxip 
yields are manuring, irrigation and the choice of varieties. 

Study of intensity and frequency of irrigation . — The trials 
conducted on the station showed that an irrigation of two-acra- 
inches of water given once a fortnight was the optimum for most 
of the dry crops. This quantity was therefore fixed as the stand- 
dard for the dry crops, viz., sorghum, ‘ korra *, groundnut, cotton, 
wheat, ragi, chillies, etc., that are proposed to be grown under 
irrigation under the project. 


The crops on the station that were irrigated regularly once in 
16 days with varying depths of water gave the following yields : — 


Grope. 

1 Sorghum 
3 Grotmdnut 
B Cotton 


Depth of water and their duty. 


1'50 Inehei 
imStiifr). 


719 


397 


1*85 indiei 
(ISOdttty). 

919 

687 

855 


2*0 incliee 
<105 doty). 

915 

670 

839 


The yields of the above crops were not affected when irrigated 
with less than two aere^inolms of water once in 15 days. 

Methods of irrigation .— the several methods of irrigation 
tried on this station, the oi^e that proved best was the long 
narrow bed system, since it admitted the using of the country 
lor sewing, catt^ |iowot for intcro^vation with the 
implements and handling of a hwger vdome of water by a sin^ 
irrigator. The optimum width and the length of the beds ttnittr 
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the system was 6 to 7 feet and 50 to 100 feet respectively, the 
length varying, however, with the slope of the land- The amount 
of water ^at could be conveniently handled by one irrigator to 
irrigate the long narrow beds was found to be any quantity 
between 0-25 to 0-50 cusec. 


The cultivators of black soil are cautioned against over-irriga- 
tion of dry crops. The application of water should only be to 
replace or supplement rainfall. 


In the system of irrigation proposed to be followed under the 
project, it is one of the suggestions that permanent blocks as 
‘ mungari ’ and ‘ hingari ’ blocks would be formed and water 
supplied to these blocks only in one season either in the ‘ mungari ’ 
or ‘ hingari ’ for four months in the year. In such a case, in 
the ‘ mungari blocks ’ where cereals and groundnut are to be 
grown, cereals follow cereals every year or a groundnut crop 
follows a cereal in alternate years. Botation experiments were 
conducted in the ‘ mungari block ’ for three years w'ith the follow- 
ing average crop yields ; — 


Oialn in lb. Grain in lb. 
per acre. per acre. 


Bemarki* 


1 Sorghtim after sorghum . . 1,521 3,184 Manuring same for 

2 Sorghum after groundnut . , 1,876 3,795 both every year. 


The yield of sorghum was found better after a crop of 
groundnut. 

Trial of crop mixtures . — The practice of growing mixtures of 
different crops is primarily meant to economise land, labour and 
water and to counteract the effects of excessive soil moisture. 
In the Siruguppa tract, there is already the practice of mixing a 
cereal with a pulse crop during the ‘ mungari ’ season in dry lands. 
To secure the same benefit under irrigated conditions, pulses writh 
cereals, groundnut with redgram, ‘ korra ’ with cotton and red- 
gram, ‘ pilUpesara ’ with sorghum were tried at the station. Of 
the several mixtures, only groundnut (local bunch) with redgram 
proved a success with good profits. 

Manurial trials . — Manurial trials were conducted with the most 
important crops, namely, sorghum and cotfon and showed that 
higher yields were obtained with increased doses of manures, indi- 
cating ^e importance of adequate manuring on the irrigated black 
Boilg. 


Residual effect- of manures on the succeeding crops . — ^In 
one of the manurial experiments conducted with cotton, the resi- 
dual effect of the manures applied to the previous cotton crop was 
studied on the succeeding wheat crop for two seasons. No residual 
effects were seen on the succeeding wheat crop. It is therefore 
found necessary that the black soils of the tract, when irrigated 
reqwe sufficient manuring every year for ensuring good crop 
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Triftl 0 / -irnproved and new varieties of crops suitahlc for 
irrigated dry, garden arid wet lands. — ^Improved strains such as 
Oo. 9 J<»ina, N. J korra, H.A. 11 cotton were found to rei^nd 
better to irrigation and manuring than the local dry crops. New 
crops that were grown successfully in the black soils were wheat, 
maize, onions, chillies, ragi a^d varieties of vegetables (tomaSoes, 
brinjals, etc.), GEB. 24, AKB. 2 and H8. 19 rice strains were 
found suitable for the wet lands. Go. 419 sugarcane was found to 
be the best among the sugarcane varieties tried. 

Investigations on the block systems a/ irrigation under Thunga- 
bhadra Project. — Since the policy of the Tungabhadra Project is 
to benefit a large a;rea of the tract, it was proposed to supply water 
once a fortnight for a period of four months in the year and align 
blocks on the basis of ‘ rnungari ’ and ‘ hingari ’ cropping. Water 
for the ‘ rnungari ’ blocks will be supplied from the beginning of 
June to the end of September and for the ‘ hingari ’ blocks from 
the commencement of October to the end of January. The investi- 
gations were commenced from 1942 and th« experience gained 
during the following four years showed that it was possible to raise 
crops on black soils both in the ‘ rnungari ’ and ‘ hingari ’ seasons. 
The crops found suitable for the ‘ rnungari ' blocks were sorghum, 
Setaria (korra), ragi, chillies, maize and groundnut and for the 
‘ hingari ’ season, cotton, wheat, maize and chillies. In this 
blocks system, cotton in the ‘ rnungari ’ and sorghum in the 
‘ hingari ’ season could not be grown successfully. The cultivators 
of the blocks had to lose one of these two important crops. It 
was therefore proposed to rotate the cropping by treating the same 
block as ‘ rnungari ’ in one year and ‘ hingari ’ in the following 
year. The chief difficulty in this method was that a long gap of 
about eleven months was created by following ‘ hingari ’ after 
’ rnungari ’ which keeps the land unnecessarily fallow for a con- 
siderable portion of the year and a very short gap of only two 
months was available by following ‘ rnungari ' after ‘ hingari ’ 
which does not allow sufficient time for the various items of pre- 
paratory cultivation and to keep the land ready for sowing the 
‘ rnungari * crops in June. Thus, on the whole, the three-blocks 
system investigated for the project was not found to work satis- 
^torily. 

Supply of water to a holding has therefore been recommended 
for full eight months in which a portion of one’s holding would 
be irrigated in the early season {rnungari) and another portion in 
the late season (hingari) in such a way that not more than 60 
p^ cent of the holding would be cropped at any one time. 

Wettand cropping,— Wetland irrigation under the Thunga- 
bhadra river has been in existence for several centuries. Eyots in 
tihose areas are therefore conversant with wetland agricultural 
polices and do not need fnucb guidance when the full project 
comes into existence as the ryot has to grow dry irrigaled cropi. 
All the same, in the Siruguppa farm, there is a wet land blodf 
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where in addition to studying the movement of the salts under 
heavy irrigation, cropping trials have also been carried out. The 
following conclusions are possible from these trials. It was found 
that a single crop rice was better than a double crop one, the 
former giving more consistent results. In the case of sugarcane- 
rice rotations on account of a fallow between the months of Sep- 
tember to June every two years, it was noticed that the yield 
of both sugarcane and rice was increased. It was also seen that 
the wet land cropping could be done both on deep and shallow 
soils and suggested the possibility of utilizing the shallow soils of 
the area for the cultivation of rice. Another finding of the wet 
land cropping trials in Siruguppa which has a practical application 
is that unless water is made available for 12 months, sugarcane 
will have to fade out of the picture. 

Application of results of research to practical case — Bhagawadi 
Demonstration Farm. — This farm was started in the year 1944 
with a view to study the psychology, stamina and intelligence of 
the \'illagers and gauge the eagerness with which they would take 
to dry, irrigated and wet crops. The water for irrigation was 
supplied by extending the existing Siruguppa channel up to 
Bhagawadi, free of charge. In the beginning, inspite of the 
concessions granted, the ryots were not keen on taking water and 
the development was slow. Many preferred to take water only 
when the rains failed and when the crops withered from drought. 
They did not irrigate the crops as frequently as was provided for 
under the project conditions. The departmental staff gave the 
ryot's technical advice on the growing of irrigated crops, the time of 
sowing, cultural and inanurial operations with a view to bring as 
much area of the farm under irrigation, besides supplying them 
improved seeds. After six years of propaganda almost all lie area 
was brought under irrigation. The cultivators have now become 
irrigation-minded and are fully utilizing the water given to them. 
Impiooved methods of irrigation, by long linear bed system, 
have been adopted- Improved strains of sorghum, korra, cotton 
and redgram were sown and new crops like wheat, groundnut, red- 
gram were cultivated. Judging from the time taken by the ryots 
of Bhagawadi to develop the farm, it is presumed that the Thunga- 
bhadra Project may take ten to twelve years for full development. 



CHAPTER 18. 

MANURIAL EXPERIMENTS AND RESEARCH. 

Review ol nunwlal experiments on different crops— Halrares 
*nd fmiffiMrs— Green manures— Gattle manure, Its storage and 
presOTvatlon— Sheep penning— Methods of manulaeture and manu- 
ilal ttduO Of night soil and organic composts— Off oa3m—FerHli- 
ters, ammonium sulphate, sodium nitrate, ammonium nitrate, 
calcium, eyanamlde, rock phosphate, superphosphate, potaasle 
manures, lime — MisceUaneovs manures^ sewage and activated 
sludge, slaughter-house and tannery refuse, salt earth, mill waste, 
press mud, rice husk— Manuring experiments on crops and results 
ohfMned,rlce, sugarcane, bananas, garden crops, eereals, groundnut, 
ootton, «id di7 land OTops— Some general consideratloiw for manuring 
In Madras State — Ghemieal composition of different manures — 
Dosages for different crops. 

The importance of manuring for efficient crop production and 
maintenance of soil fertility has been recognized from the earliest 
times in all countries. Manurial experiments to assess the needs 
of the major agricultural crops raised in the various soil-climatic 
regions of the State have been in progress during the past three 
dwadee and more. In the earlier years, i.e., before 1930 most of 
the experiments were carried out according to the then prevailing 
technique for field experiments, either in single plots or without 
suitable number of replications. Thanks to the recent advances 
in statistical technique, the defect has since been rectified and 
a considerable amount of valuable information has been accumu- 
lated regarding the plant food requirements of many important 
crops in the State. The experiments which have been done in 
the past ten or fifteen years show a marked improvement in quality 
when compared to those carried out in the earlier period. These 
later trials in general, while proving to be of greater value than 
the previous ones, have particularly afforded information on the 
relative merits of the several manures, especially nitrogenous and 
phosphatic (organic as well as inorganic) in regard to the chief 
crops of the State. 

In this chapter, an attempt has been made to present the 
results of the various manurial experiments carried out in the 
State over a period of nearly forty years in a popular foim. The 
experimental work relates -to the testing of the manurial value of 
a number of organic manures and artificial fertilizers, cattle manure, 
sheep manure, different green manures, composts from different 
kinds of waste organic refuse, fish guano, poudrette, sewage, 
gjbflB , a mmonium sulfffiate, sodium nitrate, calcium cyanamide, 
phosphates like ammophos, superphosphate, honeirieal and rock 
phosphate, potassium'sulphate, lim®, etc. The m)pB experimented 
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with were rice, sugarcane, cotton, millets, groundnut, tobacco, 
coconut, potato, plantains, chillies and pepper, 

- The general findings from these experiments are that the most 
successful and economic manures are green manures with or with- 
out phosphates in rice lands, oil-cakes and ammonium sulphate 
for sugarcane, and cattle manure or compost for all garden and 
dry lands. The use of artificials in conjunction with bulky organic 
manures has invariably proved very efficient for crops m all the 
tracts of the State. The behaviour of sodium nitrate and cynamide 
among nitrogenous artificials has not been quite satisfactory. In 
many cases, they had bad residual effects on soils, besides being 
uneconomical. The experiments, for instance, with sodium nitrate 
on rice have shown that the increase due to this fertiliser follows a 
downward tendency year after j'Car, while with the other artificials 
including ammonium sulphate, there are indications of diminish- 
ing returns due to their contyiued use. However, when these, 
particularly ammonium sulphate, are applied judiciously in combi- 
nation with organic manures, Inilky or concentrated, their per- 
formance is far better than when used alone. These results have 
been confirmed both by laboratory investigations and field trials. 

As regards phosphatic fertilisers their behaviour has been rather 
erratic and they have not proved quite useful for most of our crops 
with the exception of potato, in spite of the fact that the arable 
lands of the State are in general deficient in PjOs In combination 
with nitrogenous manures, super is far more efficacious than bone- 
meal, but when used alone its action cannot always be depended 
upon. Under favourable conditions bone-meal may prove a safe 
and reliable phosphatic manure with good residual effects. Its 
failure at times is probably due to its being ground not sufficiently 
fine. 

The experience of a number of investigators in different parts 
of the world lends support to the conclusions from our manurial 
experiments on various crops in the State. Investigations on the 
value of organic manures go to show the importance of these 
manures in improving the quality and reproductive capacity of the 
seeds apart from increasing the yield and maintaining the fertility 
of our soils. * 

The results of the experimental work on manuring can be 
classified according to the nature of the manures used in relation 
to different crops. 

Organic manures. — (a) Bulky mamures, e.g., green manures, 
oom posts, farmyard manure, green leaves, molasses, etc., and 
(b) concentrated manures, e.g., oil-cakes. 

Inorganic fertilizers. — (a) Nitrogenous, (b) Phosphatic and 

(e) Potassic. 

Special attention has been devoted to the study of the perfor- 
mance of organic and inorganic manures supplying the essential 
plant food elements, N, K and P, when applied individually and 
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in combination to the various crops with reference to the different 
soil-climatic zones of the State represented by the Agricultural 
Stations. Apart from the dosages of manures tried, the effects of 
some of them with reference to their form or quality, time and 
method of application have been studied m relation to a few 
selected crops, particularly rice, sugarcane and potato. Based on 
the results of these experiments, recommendations have been made 
regarding the nature and dosages of manures for the major crops 
grown in the different tracts of Madras State. 

For the sake of convenience and easy understanding the results 
are discussed both according to manures and crops. 


Manures. 

(a) Bulky organic manures — (1) Green manures. — Among 
the bulky organic manures, green manures occupy a unique place, 
especially in rice manuring. About 1-25 million acres of rice 
fields are green manured by growing mainly leguminous greeJi 
manures in situ and about 0*75 million acres are manured 
with green leaves. Green manuring in situ is easy 'and 
economical in places where thai'e are irrigation facilities or timely 
rainfall can be expected. It is estimated that nearly five million 
acres can be brought under this manure. Taking the average as 
iwo tons per acre, the total quantity of green leaves applied to the 
rice fields works out to four million tons. Experiments conducted 
by the Agricultural Department in the Besearch Stations and on 
ryots’ fields show that the average increase in the yield of paddy 
(rice in husk) is one pound for every 15 lb. of leaves applied and the 
optimum dosage is about two tons or 4,000 to 5,000 lb. per acre to 
supply about 30 11). N. The common green manures grown m the 
State are sunnhemp, (C. juncea), daincha (Seshania acfideata), 
indigo (Indigofera) , Pillipesara (Phaseolus trilobus) and kolinji 
(Tephrosia purpurea). Enough information has been accumula- 
ted on the efficacy of green manuring and it is now a comparati- 
vely simple matter to advocate the suitable types of green manures 
for the different localities. 

I 

Of the several green manures, PtlKpesam (P, trilobus) has 
been found most efficient, particularly in Godavari and Eistna 
deltas. It has got certain special advantages over the others, viz., 
(1) it is a valuable succulent fodder, hence the cuttings can be 
fed to cattle; (2) the aftermath can be puddled in as green 
manure ; (3) it can be sown in the standing crop of Tice; (4) it is a 
crop with plenty of foliage and unlike daincha has little woody 
tissue; hence there will be no difficulty in incorporating the same 
in the soil ; (6) it decomposes readily in the soil and (6) the plan! is 
not BO delicate as sunnhemp and can thrive in heavy clays with 
one or two waterings during summer, yielding over 90,000 lb. of 
green matter per acre. 
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In fertile soils containing over 0*07 per cent of N and e ver 
0*06 per cent of available P2O5 and which yield about 3,000 lb 
grain per acre, the effect of green manure will not be felt appreci- 
ably. Its value is, however, most apparent in soils of medium or 
low fertility. The increase in the average acre yield of rice in 
Coimbatore Central Farm wet lands from about 2,000 to 4,000 lb. 
m the course of about 20 years has all been due to the systematic 
growing of a green manure crop in rotation with rice. In the 
Hospet area of Bellary district, in spite of the fact that sugarcane 
is an exhausting crop, the average yield of rice always been 
3,000 lb. per acre due to the practice of growing a crop of sunnhemp 
as green manure between rice and sugarcane, the dose being 
about 6,000 lb. in most cases. Higher doses have been found 
beneficial in some poor soils but repeated applications of such 
heavy doses have been found to depress the yield, unless supple- 
mented perhaps by some phosphatic manures such as bone-meal 
or super. Increase in yield due to green manure application 
usually varies from eight to twenty-five per cent depending on the 
nature of the soil. Organic matter as such when applied to the 
soil does not confer any lasting benefit on the soil unless it is first 
converted into humus. Conditions which govern the decomposi- 
tion of green manure and its conversion into humus have been 
very exhaustively studied and apart from moisture, what is known 
as the C : N ratio has l)een found to he a predominant factor in 
making the green manure nitrogen available for the crop. 

Experiments on the Cotton Breeding Station garden lands 
at Coimbatore on the cotton crop have shown this. Three 
manures were under trial, ammonium sulphate, green manure 
and cattle manure and although nitrification was quicker in 
ammonium sulphate, the green manure and cattle manure plots 
had better crop growth. Laboratory experiments proved that due 
to defective carbon-nitrogen ratio, the nitrogen of the ammonium 
sulphate was not properly utilised by the crop, being lost by con- 
version into body proteids by micro-organisms. On the other 
hand, the nitric nitrogen in the green manured plot, which had a 
narrower carbon-nitrogen ratio, w^as utilized and it was established 
that it is an advantage to put in adequate amounts of green manure 
in the soil and let the micro-organisms fix the nitrogen from the 
air, rather than use nitrogenous fertilisers like ammonium sul- 
phate for the cotton crop, under such or similar condition. 

The decomposition of green manure in wet land follows a 
different course from that observed under dry and garden land 
conditions. A classic investigation extending over several years ‘n 
the field and the laboratory has thrown much light on the nature 
apd decomposition occurring in swamp paddy soils. The main 
conclusions were as follows : — 

Normal fermentation of green manure in paddy soils 
liads to the production of relatively large proportions of meihane 
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sod smaller amounts of nitrogen together with some carbon- 
dioxide and hydrogen. This happened under fallow conditiona 
and when a crop was introduced there was a restriction to the 
formation of methane and hydrogen and the normal evolution of 
nitrogen. The soil conditions in paddy field being aneon^ic in 
character and making nitrification impossible it was concluded Viat 
the nitrogen required by the crop was obtained from ammonia. 
Incidentally it was noticed that the organised algal films on the 
surface of the soil utilized the gases in such a manner as to bring 
about an increased oxygen output and enables maximum oxygen 
concentration to be produced in the water entering the soil. This 
increased oxygen production results in efficient root tsration and 
on this finding tlie beneficial efi'ect of green manure was to be 
attributed riiore to the increased aeration of crop roots than .in the 
nitrogen supplied. In other words, the advantage of green manur- 
ing in paddy lands is more physical than chemical. 

While this indirect effect of green manures has not been 
disputed, subsequent work both at Coimbatore and elsewhere (e.g. 
in Ceylon) has amply demonstrated the direct manurial value of 
green manures for rice. This work has shown that as a result of 
incorporating green manure in rice fields, large amounts of 
ammonia were made available at all stages of the decomposition. 

Additional support for this view is derived from the fact, 
that artificial nitrogenous manures have been found to supple- 
ment smaller doses (2,000 to 8,000 lb.) of green manure but not 
larger ones (8,000 lb.). Physically green manuring induces a more 
open texture in the soils and aids drainage. The value of green 
manures is further enliauced by the fact, that they have the power 
of making slow acting phosphates like Ixine-meal or mineral phos- 
phates more easily available on account of the acids developed 
during their fermentation in the soil. Green manuring under 
irrigated garden land- condition has proved beneficial for sugar- 
cane, cotton and also potato. In garden land, for instance, wild 
indigo with cattle manure is commonly applied at Anakapalle 
although cakes can replace either. At Coimbatore green manure 
increased the yield of Cambodia cotton by 10 to 20 per cent. The 
utility of this manure for dry land cn.ps is restricted due to inade- 
quate supply of moisture in the soil which is necessary for the 
speedy decomposition of the green material before the sowing of 
the main crops in time. 

As regards the comparative value of green leaf and grem 
manure, the evidence is inconclusive. At Nandyal, green leaf did 
not prove always belter than green manure and Bt Coimbatore 
there was no difference between the two. The best crop to use as 
green manure varies with the tract. At Palur, daincha and wild 
indigo among green manures and yenikkam {Calatropia gigantea) 
among green leaf manures were found the best. At Coimbatore, 
daincha was Referred while at Saffialkota, dmncha, sunnhem^ ai^ 



kl^lfOlBS OP THtt DliFAltXMENT OF AQUICULTCBE, MADBAS 


811 


teega pasalu (P. tmmgo) bad the same value. Cowpca is used at 
Eaeargod and TaUparamba. In Tanjore, kolinji is grown widely 
besides piUipesara and sunnhemp. The different green manures 
differ in their composition. The manurial composition ot the 
important green manures and green leaves is summarized in the 
stat^ent at idie end of this chapter. Recent experiments m this 
country and elsewhere on leguminous green manure crops have 
revealed the possibility of increasing their nitrogen and organic 
matter contents by manm'ing the crops with phosphates and 
potash. By resorting to this practice, the direct addition of phos- 
phates or potash to our crops can be dispensed with since these 
have been applied to the green manure to be ploughed in. 

(2) Cattle manure . — This is invariably used mostly ’for 
garden land crops and to a very limited extent only for rice. The 
total production of cattle-dung is estimated at 20 million tons, 
and on a generous estimate 50 per cent of this may be expected to 
be applied to lands. The balance is either burnt as fuel or wasted 
through neglect to collect. As a manure for rice, cattle manure 
has been found shglitly but consistently inferior to green leaf both 
at Aduthurai and Coimbatore. The increase obtained by cattle 
manure over ‘ no manure ’ on rice in a few select areas are as 
follows ; — 


VEH CENT. PEB CENT. 

Maganallui* . . . . 25 Coiinbatoro . . . . . . 13 

Aduthurai .. •• 18 Pattambi .. .. .. 16 

Samalkot 12 


At Manganallur and Aduthurai cattle manure was exclusively used 
without being supplemented by artificial manures whether nitro- 
genous or phosphates. At Coimbatore, however, the phosphates 
vie., ammonium phospJiate, and a combination of super and 
ammonium sulphate increased the yields from cattle manure. At 
Nandyal, cattle manure and green leaf were found superior to 
green manure alone. Due to the better value of green leaf and 
the greater demand for cattle manure for garden lands, the use of 
cattle manure in paddy lands can be excluded wherever green 
manures are available. 

For sugarcane except at Anakapalle cattle manure has not 
given very encouraging results. At Sanialkota, 10 tons of cattle 
manure was found to have the same value as 2^ bags of castor 
cake. In the case of garden and dry crops, cattle manure has been 
found to be by far the best manure. At Coimbatore, it has in 
general shown itself equal to the completely paB^nured plot 
throughout the period of study. Experipnce at the Central Farm- 
has demonstrate that it is possible to maintain a high standard 
of yield on garden lands by cattle manure alone. Nine cart-loads 
per aoie applied to cotton at the Cotton Breeding Station, Coimba- 
tore, gave an increase of 18 pw cent in yield of kappas. 

On diy crops, it has been found beneficial wherever it 
was applied. An increase of 70 to 100 per cent has been obtained 
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with sorghum and bajra crops at Eoilpatti and about 40 per cent 
with cotton. At Nandyal it gave from 90 to 120 per cent higher 
yield of sorghum and 60 to 80 per cent of cotton applied every 
alternate year or annually. Similar but less increases (30 per cent) 
have been recorded both for cotton and cereals at Hagari. Its 
beneficial efCects could be traced even up to five years after appli- 
cation at £oilpatti and other places. 

Among the different systems of preserving cattle manure 
the loose-box has shown itself superior both for direct and residual 
effects at Koilpatti and to a less extent at Nandyal, Hagari and 
Bellary. The same was true on the rice crop at Samalkot. 

The application of ammonium sulphate (2 cwts.) and super 
(1 cwt.) with cattle manure (6 cart-loads) or groundnut cake 
(250 lb.) per acre increased the yields of the crops, viz., cotton, 
sorghum, bajra, etc., up to 40 per cent with good residual effects 
up to the third year after application in all the centres tried. 

Cattle manure has proved an excellent manure for potato, 
a combination with fish manure being the best with increases 
ranging from four to sevenfold. 

On coconuts this manure (100 lb. per tree) has shown the 
highest increased production of nuts per tree being superior in 
this respect to the complete mineral manure (N -f P -j- K) which 
comes next. 

Sheep penning . — This form of manuring was found supe- 
rior to appUcation of cakes or fish guano for ‘ pyru chodi ’ at 
Anakapalle. At Nandyal, sheep penning doubled the yield of 
sorghum whether applied annually or in alternate years while 
with cotton the increases were 65 and 40 per cent respectively. 
It did not, however, fare well at Hagari, the increase being 9 per 
cent only- In mahurial value it had about the same value as cattle 
manure at Nandyal and Koilpatti while at Hagari it was inferior 
for cereals, but superior for cotton. 

(3) NightsoU and organic composts . — ^Due to dearth of 
cattle manure to meet the entire needs of the arable lands, a 
number of investigations came to be carried out for the preparation 
of composts using all kinds of waste organic materials such as 
municipal rubbish, tannery refuse, slaughter-house wastes, prickly- 
pear, cotton stalks, weeds and waste straws, things rendered unfit 
for human consumption, night-soil, etc. Among the various 
methods of compost making developed so far, namely, the local, 
Indore and Bangalore processes, the last is widely adopted now 
in most of the municipalities of this State and elsewhere. It is 
claimed that the B^galore process is much simpler and requires 
considerably less quantity of water than the Indore process. The 
method of composting nightsoil and town wastes is, in brief, as 
follows :-r- ' 

“ A layer of refuse about nine to ten inches thick is 
spread at the bottom of a convenient ^encb not bigger than 
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40 feet by 9 feet by 4 feet and over this is added a quantity of 
nightsoil corresponding to a thickness of three indies. Successive 
layers of refuse and nightsoil are similarly added till the heap 
rises to a foot above ground level. Each layer of the nightsoil 
is immediately covered over with refuse up to nine inches thick. 
The top layer at the end of each day is covered with a thin layer 
of earth about J to 1 inch thick to prevent fly breeding and to 
avoid smell nuisance altogether. At the end of four months* 
decomposition, the manure is ready for application to land and the 
resulting product is found to be a well decomposed, odourless 
inocuous manure of high manurial value, superior to farm -yard 
manure.** It is estimated that 1,000 tons of compost manure can 
be prepared daily by this process for the total population in our 
State. The , compost thus prepared is claimed to be better than 
cattle manure due to its higher manurial value — vide statement 
below : — 


Manurial values of nightsoil compost and cattle manure. 



N. 


KjO 


PER CENT. 

PER CENT. 

PER 01 

(1) Nightsoil compost (Municipal) 

M3 

108 

106 

(2) Oattle manuro (pits) 

0*52 

0-33 

0-99 

(3) Cattle manure (Byro) 

0*97 

0*47 

1*70 


The trials with mere organic composts, prepared without inght- 
soil addition according to the local method but involving ihe use 
of bone-meal and straw as litter, at Koilpatti Aduthurai and other 
places show that they are as good as loose box manure. The 
recent experiments on rice at Pattambi and on ragi in the Central 
Farm, Coimbatore, have not established the superiority of Banga- 
lore compost over cattle manure when each is applied on balk 
basis. Further experiments are in progress at the several agricul* 
tural research stations of the State to test the compamtive values of 
Bangalore compost and farmyard manure. 

Concentrated organic manures— (1) Oil-cakes. — About three 
lakhs of tons of oil-cakes are produced in Madras and the actual 
quantity applied to the lands is reckoned at two lakhs of tons, 
the’ balance being used largely as cattle feed. Different kinds of 
oil-cakes, particularly groundnut-cake have been tried on rice to 
supply 20 to 60 lb* of nitrogen per acre in several agricultural 
research stations. The results have been quite uniform m all tlie 
stations and the increases obtained varied from 16 to 50 per cent 
over the control. The different cakes are more or less alike in 
their effects when applied on equal nitrogen basis. In most of the 
experiments cake has been found to be in no way inferior to 
ammonium sulphate. Another interesting indication is the 
differential response when applied to rice grown in different 
seasons. For instance, at Aduthurai better response is obtained 
for the first crop (July-Ootober) while the results are in favour 



Sl4 MBMOIBB OF TUM DSFABTMBNI:' OF AOElOULTOfiB, MA&lftAB 


of the second crop at Maruteru (January- April) and Pa^tambi 
(October-January). It appears from these trials, that the res- 
ponse is better with short season crops in all the three places. 
Cakes have also the remarkable power of suf^ementmg super. 
At Samalkota this increase ranged from 20 per cent on the ^st 
crop to 80 per cent on the second, while at Manganallur the same 
crop benehted to the extent of 70 per cent. At Nandya), cake 
plus super was found to be as good as the local combination of 
green leaf and cattle manure. 

Cakes also form the best manure for sugarcane. The best 
response has been noticed with a combination of cake and ammo- 
nium sulphate — nitrogen applied in the ratio of 4 :1 or 3 :2 at the 
rate of 100 to 150 lb. N. per acre in two doses — one at planting 
and the other at the earthing up etage. The economic dose of cake- 
nitrogen for Anakapalle is 100 lb. while at Palur it can be 
increased to 150 lb. 

For dry and garden land crops, groundnut cake in combine 
lion with super has been found beneficial at Koilpatti and other 
places for both cotton and cereals with good residual effects even 
up to three years. 

(2) Fish guano, fish meal, etc . — ^These are important organic 
manures containing both nitrogen and phosphoric acid in about 
equal amounts, especially in the West Coast. The crude manure as 
usually prepared contains also considerable amount of sodium 
chloride which is considered beneficial to coconut trees. 

At Pattambi fish guano h^s been found very efficient for rice, 
400 lb. of it being equal in effect to 4,000 lb. of green leaf. The 
highest yields were obtained with the combination of 400 Ib. fish 
guano and 2,000 lb. green leaf. Its performance, however, was 
not uniform in all the places though it bad some residual effects. 
At Samalkot, fish guano increased the yields of rice in some fields 
only and came next in value to green leaf and super. At NandyaJ, 
it was found worse than green leaf plus cattle manure. 

In regard to garden and dry crops, fish gmmo was inferior 
to cattle manure for fodder sorghum at Eo'lpatti. It was found 
to be an excellent manure for potato, giving increased -yields (even) 
upto 16 cwts. dose, while in combination with cattle manure it 
proved to fee the beet manure for the crop. For ‘ pyru chodi ’ 
at Aaakapalle, fish guano had the same value as cakes but was 
inferior to j^ieep penning. 

ABTIFIOIAIi Manubbs. 

’Nitrogenous mamr^ — (1) Ammonium sulphate . — Among tiie 
nitr^enous fertilisers ammonium sulphate is extremely popolat 
and is widely used for rice, sugarcane, cotton and 
crops. It is a well established fact tlmt rice in partkmlar reqxMids 
> very well to nitrogen in the form of ammonium sulphate, it has 
been found to be invariably very good for this mop in aQ Hie 
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regions of the State. The increases obtained in the several cases 
for 80 lb. N supphed as ammonium sulphate ranged from 25 to 
40 per cent. Except in areas with a pronounced nitrogen defi- 
ciency as at Manganallur it has no better value over green leaf, 
nor does it supplement larger doses of green leaves in these ti’acts. 
At Samalkota, and to a certain extent at Coimbatore, green leaf 
alone was found quite as good. In a few places, the continuous 
application of this manure by itself is reported to have bad after- 
effects. Furthei', when ammoniuin sulphate is applied together 
with green manures, the response is generally greater than for a 
mixture of green leaf and cake on the same N basis, the increases 
being 19 and 15 per cent over the respective controls. Better 
response is also evident with aininonium sulphate when applied 
in conjimction with other bulky organic manures like compost 
end cattle manure. The best time of application of ammonium 
sulphate for rice is one montli after planting in a single dose 
either alone or with a basal dressing of green leaf or green leaf 
plus super. This practice has resulted in very good yields in all 
the places. This fertiliser, like cakes, has practically very little 
residual effect. 

^Experiments conducted in research stations show that the 
application of graded doses of ammonium sulphate (50, 100 and 
160 lb.) to rice crops groWn under irrigation results in graded 
increases in yield witliin limits and up to a point. The increases 
that could be expected from the different rates of application are as 
below : — 


Inorcdsed yields of paddy from different doses of amnioniuw 

sulphate. 


Am SO4 doso. 

liB. 

60 

100 

160 


Increase in grain yield. 
LB. 

160 

300 

600 


The increases are also stated to be economical. In general, 
100 to 150 lb. will be found profitable in all localities. These 
obsei’vationB have been confirmed by trials conducted in one acre 
blocks in several rice growing tracts, viz.. West Godavari, Tanjore, 
North Arcot, Tiruchirappalli, Tirunelveli, etc. In certain 
districts, viz., Nellore, Chittoor and Guntur, a lower dose of 100 lb. 
per acre was found to be more profitable. It is advisable to apply 
ammonium sulphate in conjunction with organic manures such as 
cattJe manure, oil-cakes or green manure to derive maximum 
benefit. 

The effect of this fertiliser on the next important crop 
BQgareane is equally good. At Anakapalle ammonium sulphate 
gave 17 per cent more yield than the control, while with 
groun^uircake supplying the same amount of N, the increase 
waa only 6 per cent, when each was applied over a basal dressing 
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of cattle manure (6 tons) plus wild indigo (2,000 lb.) plus super 
(1 cwt.) per acre. Similar studies made at Samalkot over a 
|ieriod of three years also show that ammonium sulphate applied 
alone or in combination with cakes was definitely superior to cake 
•only. At Palur, again, ammonium sulphate has proved best when 
applied with groundnut-cake to supply 100 to 160 lb. N in the 
ratio of 2 : 3, the increase in yield over control being over 60 per 
cent. 

Passing on to cotton, ammonium sulphate (45 to 60 lb. N per 
acre) has been found to increase the yields considerably under 
irrigated conditions. 

(2) Sodium nitrate . — When tried on rice on equal In basis 
(30 lb. N) sodium nitrate has proved ineffective. When com- 
pared with other nitrogenous manures in most of the Research 
Stations, it was found inferior to green leaf alone at Aduthurai and 
Coimbatore. With cattle manure under the same conditions it 
has given increased yields but not commensurate with its cost. 
It does not supplement cattle manure at Aduthurai. It was found 
to have a depressing effect, especially in the second year of its 
application in this locality. When applied in combination with 
simple artificials like ammonium sulphate to supply 30 lb. N on 
the whole, in varying proportions at Aduthurai, Coimbatore and 
Pattambi, the increases were less than 20 per cent only and in no 
case higher than those resulting from ammonium sulphate alone. 
The nitrate has also harmful effects on the soil texture causing 
deflocculation of the clay, and tending to promote alkalimty due 
to the sodium-ion. Soda nitrate also inhibited the beneficial 
effects of super at Coimbatore. On the potato crop it was not 
found quite useful. 

On the whole, sodium nitrate has been found inferxor to 
ammonium sulphate apart from its harmful effect on our soils. 

(3) Ammonium nitrate . — This is one of the most concen- 
trated nitrogenous fertilisers containing 35 per cent of N — half as 
nitrate N andhalfas ammoniacalN. -It however, absorbs moisture 
and is subject to explosion hazards under certain conditions of 
storage. The results of the experiments on rice carried out with 
the fertiliser at the several Agricultural Research Stations show that 
it is in no way superior to ammonium sulphate when applied on 
equal nitrogen basis. In combination with green manures it has 
responded well like the other nitrogenous artificials, particularly 
ammonium sulphate. 

(4) Calcium cyanamide . — This fertiliser though it contains 
as much N as ammonium sulphate (18-21 per cent) is not so 
widely used in our country. Its behaviour towards crops like rice 
is rather erratic and inconsistent. At Coimbatore it depressed 
the yield of rice in one field while benefiting it in another. At 
Manganallur it proved far mferior to ammonium sulphate and 
green leaf, giving only 2 per cent increase as against IS per cent 
and 13 per cent respectively for the latter. It did not supjdnDent 
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green leaf at Nandyal. At Coimbatore, however, it was useful in 
combination with super or green leaf. The fertiliser had some- 
times depressing ettects at Manganallur. At Koilpatti it gave 
excellent results with sorghum and bajra and interacted very well 
wiin super, giv^ing 50 per cent increase on the latter crop. It was 
even better than fish manure. On ragi and chitrai cholarn at 
Coimbatore, it was useful in ‘2 cwts. dose (18 per cent increase) 
but there was depressing residual effect ( — 8 per cent). On irri- 
gated cotton, cyanamide did not respond in garden lands at Coim- 
batore, alone or with super. 

2. Phosphatic manures . — The phusphatic manures in common 
use are superphosphate, bone-meal, rock phosphates and basic 
slag. Other forms of phosphates containing nitrogen in addition 
such as ammophos, leuno-phos, niciphos, etc., are also of late 
coming into prominence. 

Experiments with phosphatic manures in the State are few’ and 
the}* are mainly confined to rice and potato. Other crops like 
cotton, sorghum, bajra and minor millets have received some but 
rather scant attention. The phosphatic manui’es like super bone- 
meal, rock phosphate, kossier phosphate, etc., when tried alone at 
30 lb. level of phosphoric acid (E 2 O 5 ) on rice at C'oimbatore and 
Aduthurai have not shown any appreciable increase in yield. The 
only exception was at Manganallur where increasing doses up to 
300 lb. of super per acre gave increases up to 30 per cent. Bone- 
meal also acted well with mcreasmg doses but far less efficiently, 
while mineral phosphates had no eltect at all. The value of these 
slow acting phosphates is not felt in the year of application but 
their residual effect manifests itself in later years. Of the various 
phosphatic manuj*es in use, bone-meal and rock phosphate can 
be had locally in good amounts and they can after proper process- 
ing be used profitably for our crops. The normal estimated pro- 
duction of bones in the State is about 1*5 lakhs of tons. About 
a fiifth of this is actually collected. The phosphatic nodules of 
Tiruchirappalli containing about 25 per cent O 5 form another 
potential source of P. The estimated quantity of this phosphate 
is eight million tons. The phosphoric acid in the Tiruclurappalli 
nodules is, however, in an insoluble form and apart from the cost 
of sulphuric acid required, the mineral contains too much of lime 
and iron to make the manufacture of super from the nodules, 
economical- Various attempts have been made to utilize this 
phosphoric acid in the laboratory and in the fiield. The laboratory 
investigations studied the effect of various solvents and it was 
established that when it was ground into fine powder and made 
into a compost with green manure, the phosphate was rendered 
available. This was followed by pot experiments and then by 
field trials and finally it was concluded that mineral phosphate 
ground as finely as possible is a suitable phosphatic manure for 
riea lands, when applied along with decomposing organic matter ^ 
green ^ manure. By subjecting the raw phosphate to fusion 
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at high temperature (1,200° C to 1,400° C.), product with high 
citrate solubility (about 15 per cent) has been obtained at Ban^- 
lore and elsewhere. The comparative trials of this fused product 
and super on rice at Aduthurai did not reveal any significant differ- 
ence in yields. Composting of rock phosphate with sulphur 
increased the availability of phosphoric acid but this has not been 
found economical. 

All the phosphatic fertilisers are best applied in combination 
with other manures. A mixture of green leaf and bone-meal or 
better, super, has given e.xcellent results whereever phosphates 
deficiency was indicated. There are instances where super has so 
responded but not bone-meal. I'he a})plication of these fertilisers 
by themselves to rice has given rather disappointing results, and 
cannot safely be recommended. They generally respond well in 
combination with organic or inorganic nitrogenous manures, e.g., 
ammonium sulphate, oil-cakes, gieeii leaf, etc. The combination 
of super with cyanamide was useful at Coimbatore but not at Manga- 
nallur. Of the different types of phosphates tried, super has 
proved better when applied in combination with other nitrogenous 
manures, organic and inorganic. The usual dose of the fertiliser 
found economically efficient is about cw’ts. (30 lb. P* 0»). 
Very good results have been obtained for rice in most parts of the 
State for the following comlnnation of manures, resulting in an 
average yield of 2,500 lb. of grain per acre : — 

Green manure 2,500 lb. per acre. 

Super cwts. to supply 30 lb. P* Or,. 

Nitrogen — as cake to supply 15 lb. 

Ammonium sulphate — N 15 lb. 

Total N 30 lb. 

The increases over control obtained from the above combination 
at several Agricultural Stations of the State were generally above 
25 per cent. 

On dry or garden lands, phosphatic manures in any form have 
in general, not given encouraging results. In presence of 
ammonium sulphate or cake, bone-meal and super, particularly 
the latter, have responded better than when either of these is 
applied alone. To achieve best results, a basal dressing of cattle 
manure (5 tons per acre) is recommended for all the tracts in the 
State. The experiments conducted in the Research Stations at 
Hagari, Koilpatti, Nandyal, Guntur and Coimbatore with 
sorghum, bajra and cotton have revealed that the use of artificial 
fertilisers supplying nitrogen and phosphorus in conjunction with 
bulky organic manures, such as cattle manure, has proved 
extremely beneficial with good residual effects lasting for two or 
three years especially in the dry land areas. The normal doses 
of manures found suitable for the different areas are super 1 owt., 
ammonium sulphate 2 cwt. and cattle manure 3 to 5 tons per acre. 
In the case of rainfed cotton, the application of the manures to 
the previous cereal crop like sorghum or bajra has been found 
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advantageous both for the cereals and the cotton, the residual* 
effect bemg felt even in the third year after the application of 
manures. 

All these trials, in general, indicate the necessity for a judicious 
application of both phosphatic and nitrogenous manures in proper 
forms and adequate doses, preferably in presence of bulky organic 
manures, viz., cattle manure or green manure, depending on the 
relative needs of the various crops and the fertility of the soil. 
Application of phosphates alone is not advisable except perhaj^s in 
the casei^of leguminous crops which stand to benefit by such appli- 
cation, resulting in greater fixation of atmospheric nitroi/en and 
higher yield of green matter which are very valuable for enricliing 
soil fertility and increasing crop production. 

The experiments on potato go to show that phosphates are 
essential for increased yields of tubers in the Nilgiris. The trials 
with different kinds of phosphates sucli as concentrated super, 
bone-meal, etc., in varying doses and in conjunction with nitrogen 
at the Agricultural Research Station, Nanjanad, have revealed that 
maximum yields of the crop up to 800 maunds (25 lb. per maund) 
per acre could be obtained with the higher doses of phosphates 
(200 lb. p 2 O5). The effect due to soluble forms of phosphates 
like super is more pronounced than for insoluble forms of the 
type of bone-meal. No trials have been conducted to study the 
individual effects of phosphates alone at Nanjanad, since it is well 
known that an adequate supply of nitrogen and potasli is as much 
essential as phosphates for the production of a good crop of potato 
in the lateritic soils of the Nilgiris. As a result of a series of 
manurial trials conducted at the Agricultural Research Station, 
Nanjanad, with commercial fertiliser mixtures, such as those of 
Messrs. Parrv <fe Company and Shaw-Wallace and other mixtures 
evolved by the department, the manurial requirements of potato 
have been worked out and a standard mixture under the name nf 
“ Nanjanad mixture has been recommended. It has been possible 
to increase the yield of “ Great Scot at the Agricultural Research 
Station, Nanjanad, to an avt*rage of 15,000 lb. per acre through 
the use of this mixture. The ingredients used in the mixture and 
the proportions in which thev are used are given below. As the 
ingredients are readily available in the market, it is quite easy for 
the ryots to prepare their own mixtures instead of resorting to the 
use of the more costly proprietary mixtures. 

Supplying quantities per acre of 

, 

N. P2O. KgO 

Gronrtdnut cake 600 lb.' . . .^5 

Ammoninm sulphate 200 lb. 40 

Steamed bone-meal 360 lb. , . 6 94 

Concentrated super 3.36 lb. . . 140 

Potassium sulphate 234 lb. . . 108 

The Nanjanad mixture is best applied over a basal application of 
5 terns cattle manure per acre. Consequent on the adoption of Uus 
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* manurial schedule, the yield of potato at the Agricidtural Besearch 
Station, Nanjanad, has gone up to 600 to 800 maunds (of 2.5 Ib.) 
per acre. 

3. Potassic manures. — The potassic fertilisers commonly in use 
are the sulphate and muriate of potash, and Kainit. Wood ashes 
of all kinds also form another important source of potash. In 
general, South Indian soils are well supplied with potash and are 
considered therefore not in need of this plant food element except 
in the case of sandy or highly leached soils and unless it be for 
crops like plantains, tobacco, potato and other tuber crops whose 
potash requirements ar-e rather high. Potassic fertilisers have 
been found indispensable for securing good yields of potato in the 
Nilgiris. In the whole rice area of this State, potash manuring was 
not found tiseful. In some cases it was found to depress the yield 
of rice. On sugarcane again, its depressing effect was noticed at 
Samalkot. In stray cases it increased the yields of Cambodia 
cotton, but in these instances, potash deficiency was indicated. 
Wood ash (20 lb.) and cattle manure (100 lb.) per tree per anniun 
were also found to beneficial to coconut trees in the West Coast. 

4. Lime . — Lime has been found necessary for certain types of 
soils, especially, those which are acidic. Its beneficial effects lie 
in the flocculation of clay and the improvement in the physical 
condition of the soils apart from coirecting soil acidity. On both 
rice and sugarcane crops liming was sometimes beneficial, some- 
times not, depending on the soil and other conditions. At the 
Betelvine Experimental Station at Vellalur, liming improved the 
drainage of the heavy soils and resulted in higher yields. In a 
small check experiment at Coimbatore, it increased the yield of 
cotton by 30 per cent in an alkaline field. Its beneficial effects in 
this direction deserve more extended trials. Its behaviour in 
relation to soil deficiency is peculiar. In Nanjanad, for example, 
where the soil is exceptionally poor in lime, its application has 
not proved successful. However, maximum yields of potato were 
obtained from plots that received the full dose of cattle man\ire, 
lime and artificials both during the main and second-crop seasons. 
Even on the laterite soils of the West Coast, liming has not 
behaved consistently and more work is needed to assess its 
beneficial effects on this soil. 

5. Other miscellaneous manures — (1) Sewage and activated 
sludge. — The efficient utilisation of sewage from town and cities 
can be effected by the use of the activated sludge process. The 
plant necessary for this purpose being rather costly, only big cities 
with sufficient financial resources can afford to have it installed. 
In this method the sewage nightsoil mixture is subjected to power- 
ful aeration and a coagulam free from bad smell and of high mann- 
rial value is obtained. The sludge contains about 4 per cent N. 
The effluent which contains nitrates may be diluted with wa^r 
and used for irrigation. 
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The experiments conducted with effluent from the activated 
' sludge plant of the Agricultural College Estate at Coimbatore and 
ordinary channel water from 1934-35 to 1939-40 in the Central 
Farm wet lands have not shown any beneficial effects due to 
effluent. On the other hand, the use of raw sullage water from 
the Agricultural College Estate without admixture of faeces 
increased the yields of rice by 17 per cent over control. No field 
experiments have been conducted with the activated sludge on 
.rice or other crops in the State but the trials carried out at 
Bothamsted and other places go to establish the high inanurial 
value of the, activated sludge for various crops. 

(2) Slaughter-house umstes, tannery refuse, etc. — These 
include mainly dried blood which contains 12 to 15 per cent nitrogen 
of high availability, horns, hoofs, hair, leather shavings, etc. 
Practically no manurial experiments involving the use of these 
materials have been conducted in this State. Leather fleshings 
and other waste materials from tanneries are very slow in decom- 
posing and are not of much direct manurial value in their raw 
state. They may at times even prove injurious to plants due to 
their admixture with such harmful substances as chromates used 
in tanning. These materials have to be subjected to processing by 
the use of steam and acids before they are converted to usefvfl 
manures. Tannery refuse is being converted into compost by bury- 
ing it in the soil with lime and then applied as manure. 

(3) Salt and salt earth ^ — These are commonly used in the 
West Coast from time immemorial as manure for coconuts and also 
as a protective against insect attacks to young seedlings. The appli- 
cation of salt is believed to induce early bearing in coconut trees 
and is quite common in the West Coast. But experiments have 
shown that the application of salt was not advantageous. 

(4) Mill tvasfes. — These when converted into composts with 
the addition of cattle manure and red earth and applied to the fields 
at the rate of 50 to 70 cart-loads per acre have considerably increas- 
ed the yields of crops, particularly ragi at Coimbatore. The N 
content of the blow room waste varies from 1’39 to 2-09 per cent 
while Pg O5 and KgO contents range from 0*44 to 0*67 per cent 
and 1-4 to 3*55 per cent respectively. 

(5) Press mud. — Press mud is the solid matter obtained in 
the clarification of cane juice in sugar factories* This residue 
contains 1 per cent N, 2 per cent Pg O5, 0*5 per cent KgO and 10 
per cent lime. It is rich in lime and is used as manure. It has 
also been used with success for composting cane trash in place of 
dung. 

(6) Rice hush and chaff. — The husk is sometimes used in 
heavy soils, particularly paddv soils for improving drainage and 
the ash is a source of potash. Substances of these types being 
inferior in manurial value are of secondary importance only. 

A list of some of the common inorganic and organic manures 
together with their analysis is given in the statement at the end 
of this chaptar. 
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Ceops in Eelation to Manubino. 

1. Bice. — A. good number of systematic manurial experiments 
has been conducted on this all-important crop in the AgncuUural 
Research Stations of the State, viz., Anakapalle, Samalkot, 
Maruteru, Aduthurai, Coimbatore. Pattambi and also in recent 
years at Pattukkottai and Tirurkuppam, These trials relate to 
the study of the effects of different nitrogenous and phosphatie 
manures applied individually and in combination. 

(a) Nitrogenous manures . — ^It is a well-established fact that 
the rice plant responds w’ell to nitrogen in the form of ammonium 
sulphate, oil cakes or green manures. The beneficial effect of 
nitrogenous manures on rice m the State is very striking. The 
normal dose of nitrogen required lies somewhere about 30 lb. the 
percentage increases ranging generally from 25 to 40 depending 
upon the nature of manure, the locality and the strain. The 
optimum dose appears to be 150 lb. of ammonium suljthate or 
425 lb. of groundnut cake to supply 30 lb. N. All kinds of cakes 
can be used with equal advantage on the same nitrogen basis. 
The application of green manure in varying doses 2,000 to 8,000 
lb, per acre has increased the yields of both first and second crops 
according to the quantity of the manure applied. The optimum 
dose for all the stations appears to lie between 4.000 to 6,000 lb. 
per acre, the percentage increase in yields varying generally from 
15 to 45 over control. The maximum response 140 to 50 per cent) 
was noticed with an application of 6.000 to 8.000 lb. in the case 
of the Circars, West Coast and Cauvery-Metter Project area soils. 
At Tirurkuppam, extremely striking results have been obtained, 
the increases recorded being 52 per cent for samba and more than. 
100 per cent for sirarnavari over the respective check plots. In 
the case of oil-cake« also, a progressive response has been noticed 
with incremental doses of N up to 60 lb. resulting in increased 
yields of about 40 to 50 per cent over the normal. Among the 
artificials, nitrate of soda has proved ineffective when compared 
with other nitrogenous manures, particularly ammonium sulphate, 
in most of the stations. The bulky organic manures, viz., cattle 
manure, molasses and composts have been tried for periods up to 
five years in a few stations (Aduthurai and Pattambi) with no 
appreciable increase in yields, except perhaps with cattle inanme, 
to supply 30 lb. N at Pattambi. Increase in yield ranging from 
14 to 20 per cent was obtained at the latter station. 

(b) Combination of nitrogenous manures . — ^Experienqg has 
shovm that the combined application of organic and inorganic 
manures at the several Agricultural Stations has proved more bene- 
ficial than either of these applied alone and the effect has been 
particularly marked in a few localities as at Pattambi and Mam- 
teru. The results from the trials at the different stations idiow 
that a judicious combination of organic and inorganic manmres* 
viz., green leaf at 4,000 to 6,000 lb. plus ammonium sulphate 
76 lb. (15 lb. N) or oil-cake to supply 30 lb. N plus ammoiiiuia 
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sulphate 75 lb. (15 lb. N) is best suited for rice. In nu case should 
a combination of artificials alone be restored to for rice; an 
adequate supply of organics must be ensured to obtain maximum 
benefit from artificials. 

(c) Phosphates - — Phosphate being an essential plant nutrient 
for the production of good quality grain, its application in adequate 
amounts and in proper forms to soils deficient in this constituent 
would appear to be necessary though the actual data from phos- 
phate applications are not quite encouraging. Phosphatic manures 
like super, bonemeal, bone jelly, Kossier phosphate, etc., when 
^plied individually at 30 lb. P2 O5 level in a few stations, viz., 
Coimbatore and Aduthurai, have not shown any appreciable increase 
in yield, the maximum ever met with being about 17 per rrnt (i\er 
control at Coimbatore while at Aduthurai, the percentage increases 
have fluctuated between five and eleven. The behaviour of phos- 
phates by themselves towards rice as already stated, has been 
rather erratic. Phosphatic manures, in general, respond l)etter in 
combination with organic or inorganic nitrogenous manures, such 
as green leaf, ammonium sulphate, oil cakes, etc. Over and above 
the effects of the N in these combinations, the inclusion of phos- 
phates has not been very helpful from the point of view of yield. 
All the same, this does not minimize the impoi’tance of phosphate 
application to rice soils of this State which are likely to be depleted 
further of this important plant food by intensive and continuous 
cropping in the years to come. For the maintenance of soil fertility 
and normal crop production, it absolutely necessary to resort to 
periodical addition of phosphates preferably in conjunction with 
bulky organic manures. 

In general, the best combination of manures for rice to ensure 
an average yield of 2,500 lb. gi^ain per acre is super cwt. (30 lb. 
green manure (2,500 lb.), ammonium sulphate and caki*, P2 O5 
each to supply 15 lb. N. With regard to the time of application 
of the manures, the experiments at the several stations have shown 
that the application of ammonium sulphate or cake one month 
after planting over a basal application of green leaf givc^ the best 
results- As for super, it has been observed that its addition in a 
single dose at 30 lb. })hosphoric acid level before planting, at 
Coimbatore, gave an increase in yield of 17 per cent over control 
(2,400 lb. grain). 

The expected yields in pound for the doses of N (0 to 60 lb.) 
per acre supplied as cakes in the select Agricultural Eesearch 
Stations of the State, culled out from Dr. Stewart’s “ Report on 
Soil Fertility Investigations in India with special reference to 
manuring (1947) is presented in the statement III appended. 

2. Sugarcane , — Sugarcane ranks high among the crops of 
economic importance in this State and in view of this, considerable 
attention has been devoted to the manurial requirements of this 

erep. 
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Manurial experiments have been in progress for the last two 
d^ades on the crop, mainly at Anakapalle and Samalkot in the 
Circars, at Palur in South Arcot, and at Coimbatore in the Central 
districts. The studies have hitherto been confined to investigations 
on the nature and quantity of nitrogen required for this crop and 
the best time of application of the manures. It has been definitely 
established that the application of nitrogenous manures increases 
considerably the tonnage of the popular varieties of canes tested. 
Phosphates though not striking in their effects or needed in such 
high doses as N have been found to influence the quality of jaggerj'. 
At Anakapalle, the relative merits of groundnut cake (640 Ib.l and 
ammonium sulphate (260 lb.) on equal nitrogen basis over a basal 
dressing of cattle manure (5 tons) plus wild indigo (2,000 lb-) plus 
super (1 cwt.) per acre were investigated. An increase of 17 per 
cent over groundnut cake plots was obtained for the series treated 
with ammonium sulphate. Similar studies made at Samalkot also 
show that the crop responds better to ammonium sulphate than to 
groundnut cake only. Again, in the experiments conducted with 
promising types of canes at Anakapalle and Samalkot to find out 
the optimum doses of nitrogen supplied half as cake and half as 
ammonium sulphate, the doses ranging from 50 to 200 lb. nitrogen 
per acre, increased yields were obtained with the higher doses of 
nitrogen, particularly 75 lb. and 100 lb. At Samalkot the increases 
due to 150 lb. and 200 lb. are not striking when compared to 
100 lb. nitrogen. Co. 419 yielded 59 tons of canes with 50 lb. 
nitrogen and 72 tons with 1.50 lb. nitrogen and the increases were 
significant. 

Trials were made for six years at Palur varying the quantities 
of nitrogen (50 to 200 lb.) and the proportions of cake and 
ammonium sulphate in the manure. The application of cake and 
ammonium sulphate to provide 100 lb. nitrogen in the proportion of 
4 : 1 or 3 : 2 was found best and economical. The increases for 
the two proportions were 40 and 52 per cent respectively over the 
50 lb. groundnut cake nitrogen. Progressive increases were noted 
with increasing doses of nitrogen. 

In another experiment over a period of six years the 
comparative merits of sodium nitrate and ammonium sulphate 
applied as nitrogenous fertilisers in conjunction with cake to 
supply 200 lb. nitrogen in the aggregate, as well as their inter- 
action with phosphates (super) and potash (potassium sulphate) in 
relation to yield and quality of Fiji B. cane were studied. Sig^- 
ficant results were obtained with cake alone or in combination 
with ammonium sulphate. With addition of super (100 lb. P» Oj) 
and potassium sulphate (50 lb. K* O) the response due to nitrogen 
supplied as cake and ammonium sulphate in the proportion d 
3 : 2 was the highest with an yield of 24 per cent over the ploSs 
receiving 200 lb. nitrogen as sodium nitrate. Sodium nitrate, 
applied by itself or together with other fertilisers, viz., super and 
potassium, sulphate in any proportion caused a marked depressioii 
in all the years. In the permanent manurial experiments at 
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Coimbatore the eft'ects of artificials, viz., ammonium sulphate 
(1 owl.) potassium sulphate (1 cwt.) super phosphate (3 cwt.) 
cattle manure (5 tons) direct and residual — applied alone and in 
combination were studied. The percentage increases in the 
several cases varied from 28 to 150 per cent, the best treatments 
(100 per cent and above) being N + K ^ P, and N + P (N = 
Nitrogen; K = Potash; P = Phosporic acid). 

Molasses supplying nitrogen from 26 lb. to 78 lb. was compared 
with similar doses of nitrogen applied as ammonium sulphate, 
green leaf (pillipesara) or groundnut cake at Anakapalle. The 
results from molasses application were not encouraging. 

Time of application. — The experiments in connexion with the 
time of application of quick-acting manures like oil cakes and 
ammonium sulphate were carried out at Palur for over six years. 
The application of the manures in two doses, one at the time of 
planting and the other at the time of earthing up has been found 
definitely advantageous. Nitrogen applied as groundnut cake and 
ammonium sulphate in the proportion of 3 : 2 in two do.ses has 
given 9-7 per cent more yield tlian the single dose. 

Seed-bed manuring. — This investigation was undertaken at the 
Agricultural Ilesearch Station, Gudiyattam, with the object of 
comparing the behaviour of seed material raised in intensively and 
poorly fertilised plots (intensive dose 20,000 lb. cattle manure plu.s 
2,000 lb. groundnut cake plus 400 lb. ammonium .sulphate plus 400 
lb. super plus 100 lb. potassium sulphate; poor dose — 10,000 lb. 
cattle manure only). When planted out in fields treated with 
normal dose of manures (150 lb. nitrogen, half as groundnut cake 
and half as ammonium sulphate) and 2/3rd8 and l/3rd normal 
doses, a progressive increase in yield with increase in the amount 
of nitrogen supplied to the main field has been recorded for both 
the seed-bed treatments. The intensively fertilised seed material 
has responded more favourably to all doses of nitrogen than the 
poorly fertilised seed material. Indirectly, these manurial trials 
have revealed the beneficial effects of farmyard manure in 
improving the general character of the soil and enriching the 
quality of the juice and improving the jaggery obtained. Though 
the inorganic fertilisers contribute to the increase in tonnage, 
they are not effective in improving the quality of the juice. A 
basal dressing of farmyard manure is desirable not so much for its 
nitrogen content as for its effect on the quality of juice which is 
much improved by such an application. 

From a general consideration of sugarcane manuring in all tracts, 
the dose of nitrogen is the most important point to be considered. 
Phosphates are not very helpful but a small quantity seems to be 
necessary from the point of view of quality of jaggery. The form 
of nitrogen whether as cakes or ammonium sulphate or fish guano, 
does not appear to influence the yields to any appreciable extent, 
the differences observed between them being within narrow limits. 
Cittle manure is not useful in increasing the yield except perhaps 
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at Anakapalle and even here cakes can replace it equally well. Ito 
addition is, however, recommended for improving the quality of 
the juice. Ammonium sulphate, especially in high doses, seems 
to delay ripening and adversely affect the quality of jaggery. 

3. Bananas . — This is . another commercially important crop 
grown mostly in wet lands and garden lauds under heavy irrigation. 
Its distribution is mainly restricted to the deltaic tracts in the 
Circars and Tiruchirapalli and Tanjore districts. Scattered areas 
under this crop are also met with in the districts of Coimbatore 
and Malabar under irrigated and rain fed conditions respectively. 

The mannrial experiments conducted for some years at Palur 
and Samalkot Besearch Stations have brought out the importance 
of nitrogen and potash for the crop. Potash in the form of potas- 
sium sulphate or ashes would aj)j)ear to be necessary besides 
ammonium sulphate or cake and super for good yields. The 
optimum dose recommended is potassium sulphate cwt.) plus 
groundnut cake (5 cwt.) plus super (2 cwt.) per acre for the Palur 
tract and ammonium sulphate 2| oz. plus potassium sulphate oz. 
plus super 3J oz. per tree for the Samalkot area. The keeping 
quality or the flavour of the fruits does not appear to be influenced 
by potash. 

4. Garden crops — (a) Cereals and cotton . — The manurial trials 
on these crops are few compared to those on rice or sugarcane. 
The available data show that nitrogenous and phosphatic manures 
have beneficial effects on these crops. Application of bulky organic 
manures, particularly cattle manure, has proved be.st for all garden 
land crops. At Coimbatore, it has shown itself equal to complete 
chemical manure (N plus K plus P) in shape of artificials through- 
out of period <'f study. Experience at the Central Farm has 
demonstrated that it is possible to maintain a high standard of yield 
on garden land by the application of cattle manure alone. Nine 
cart-loads per acre applied to cotton at the Cotton Breeding 
Station gave 18 per cent higher yield. 

Green manure grown in situ and ploughed in, yielded 16 per 
cent more of cotton than the control plots. 

From a statistical examination of the yield data from the 
permanent manurial experiments (old and new) Central Fanm, 
Coimbatore, involving trials on various garden land crops and ‘he 
application of cattle manure and artificials (JV, P. and K) singly 
and in various combination, the following conclusions may be 
drawn : — 

(i) Begular application of cattle manure can give as good 
yields as from afiy other combination of inorganic fertilisers. 

(ii) For maximum crop production either cattle manure OT 
complete artificials supplying N, K and P are desirable. 

(iii) Potassic manures are not found essential for the cereal 
crops studied so far. 

It is also interesting to note in this connexion that the general 
trend .of results obtained in these experiments is similar to that 



IlftMOIilS OP THIS DfiPABTMBNt OP AGRICtrtTUKE, MaDEAS 827 

noticed at Rothamsted. Apart from pei-iiianeni maiiurial experi- 
ments at Coimbatore very few systematic manurial trials have been 
conducted in the State on cereals other than rice. Recent experi- 
merits with cotton have indicated the beneficial effects of ammonium 
sulphate when applied to supply 45 to 60 lb. nitrogen per acre. 

(b) Groundnut . — This is one of the major crops of economic 
and industrial importance in the State. This is extensively culti- 
vated in South Arcot district under irrigation, either pure or mixed 
with ragi. Manurial experiments on this crop were mainh (con- 
ducted in the earlier years at Falur and later at Tindivanam. "iking 
a leguminous crop capable of fixing atmosplieric X, it can be 
expected to establish itself well under normal conditions in light 
sandy soils provided lime, phosphates and other essential ingredi- 
ents are present in the soils in sufficient (quantities. The manurial 
problem with this crop did not present mucli difficulty in the 
earlier years. Later, liowever, continuous cultivation of the crop 
in the same land affected the yields and application of manures had 
to be resorted to keep up yields. \i Palur it was noticed, that 
application of super 1 cwt. per acre plus 2 cwt. ammonium sulphate 
increased the yield by about 20 per cent over the control (1,130 lb. 
pods per acre). Significant reuslts were alscj obtained at Tindi- 
vanam in favour of the combination of artifi(*ials K - 1 4 P 

Basal dressing of cattle manure at three tons per acre did not have 
mucli effect on yield. 

6, Dry land ctopa. — Manuring of dry land crops did not receive 
much attention because of its doubtful value, especiall\ under rest- 
ricted conditions of moisture and vagaries of season. The common 
dry land crops of the State are cotton and millets confined mostly 
to the Ceded districts, while chillie>, tobacco and groundnut are 
cultivated in Guntur. In the southern districts of Tirunelveli and 
Ramanathapuram bajra, sorghum and cotton are raised as dry 
crops. 

(a) Cotton . — The experiments carried out at Guntur, Nand- 
yal, Hagari and Koilpatti have all shown that artificial fertilizers 
ammonium sulphate (2 cwt.) and super (1 cwt.) with groundnut 
cake (250 lb.) or cattle manure (6 cartloads) per acre would answer 
the needs of the crop in the Ceded districts area and the black soil 
tracts of the" southern districts. The increases obtained ranged 
from 20 to 40 per cent in the Ceded districts while at Koilpatti the 
response was phenomenal, the increase being above 100 per cent 
in most cases. It is interesting to note, further, that the appli* 
cation of manures to the previous cereal crop, viz., sorghum, bajra, 
or tenai, benefited without exception the succeeding cotton and 
cereal crops, the residual effects being felt even in the third year 
after application of the manures. 

{by Sorghum. — Manurial trials on this rainfed crop have been 
conducted at Guntur, Hagari, Nandyal and Koilpatti, the same 
types and dosages of manures as for cotton being applied. Very 
good increases, 60 per cent over control, have been obtained in al^ 
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the centres. The highest yield recorded for the full combination 
of artificials was more than 800 per cent at Koilpatti when these 
were applied over a basal application of cattle manure at two cart- 
loads. ^ 

In addition to these artificials, green manures of different 
types, viz., PilUpesara, Teegapesara and cowpea were tried at 
Guntur, each supplying 55 and 84 lb. of N. All the manures* 
especially cowpea, have given higher yields of sorghum (40 to 60 
per cent). The addition of super to these manures was not parti- 
cularly advantageous. 

(c) Minor millets. — Tenai, sanm, maize, vanga, bajra and 
panivaragu coming under this group do well with an application of 
farmyard manure or compost supplying 50 lb. nitrogen with or 
without the addition of artificial fertilisers. In regard to bajra 
which forms one of the important minor millets of the southern 
districts of Tirunelvelli and Bamanathapuram, phenomenally high 
increases (above 100 per cent) were obtained with ammonium sul- 
phate (2 cwt.) or groundnut cake (500 lb ) plus super (1 cwt.) and 
three tons of compost or farmyard manure. Green manures, viz., 
pillipesara, teegapesara, and cowpea applied as for sorghum with 
and without super also gave significant results at Guntur with an 
average increase of about 50 per cent over control. As for samai 
cultivated in the Nilgiris, it is not directly manured but grown in 
rotation with potato wliich is fertilized heavily. Direct manurial 
effects on this crop have shown that ammonium sulphate (1 cwt.) 
or niciphos (IJ cwt.) per acre was as good as Nanjanad mixture 
containing both organic and inorganic ingredients providing N , K 
and P. 

(d) Groundnut . — The application of five cartloads of farm- 
yard manure per acre has proved beneficial at Nandyal resulting in 
an increased yield of 25 per cent over control (1,360 lb. per acre). 

(e) Chillies and tobacco . — ^A full combination of ammonium 
sulphate (2 cwt.) potassium sulphate (100 lb.) super (2 cwt.) over 
a basal dressing of cattle manure at four cartloads per acre has been 
found very effective in increasing the yields of these crops in 
Guntur. 

(/) Pepper . — ^The cultivation of pepper is restricted to the 
hilly tracts of Malabar and the manurial experiments on this crop 
are very few- Being a perennial crop, it is rather difficult to assess 
correctly its manurial needs at the various stages of growth. From 
the experiments conducted at Taliparamba, it is found that the 
application of ammonium sulphate, potassium sulphate and super 
(J lb. each) with leaf mould 20 lb. and lime I lb. per vine is best 
suited to the crop. 

(g) Coconuts . — ^Manurial experiments on coconuts have been 
in progress at the coconut research stations, Kasaragod and Ntt^h- 
war from 1922 onwards. They mostly aimed at studying^ the re^ 
ponse of coconuts to flie application of organic and 
manures such as fish guano, cattle manure, ammonium 
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super phosphate, potassium sulphate, wood ash, etc. The results 
indicate that the best application for coconuts under West Coast 
conditions is ammonium sulphate 3 lb. plus ashes 20 lb. plus cattle 
manure 100 lb. per tree. ^It is preferable to broadcast the manure 
and plough it in. 

(h) Potato . — Of all the crops [Kitato has been found to res- 
pond to manuring exceedingly well. The cultivation of the crop 
is confined mostly to an area of about 13,000 acres in the Nilgiris. 
Experience at the Agricultural Kesearch Station, Nanjaiiad has 
shown that intensive manuring with artificials, viz., super, bone- 
meal, sulphate of ammonia and potash in combination with 
organic manure in the form of cake preferably over a basal appli- 
cation of cattle manure is absolutely necessary for raising a good 
crop of potato. As a result of a series of trials, a standard mixture 
called “ The Nanjanad Mixture '' mentioned already, has been 
prescribed. 

The manunal trials with the main (March to September) and 
second crop (August to December) indicate definitely, that as 
regards phosiJhoric acid and potash, the optimum requirement of 
potato is met by 3 cwt. of concentrated super and 1 cwt. of sulphate 
of potash per acre. The inve.stigations on the effects of inorganic 
and organic nitrogen on the crop have revealed that the conibi- 
natioii of organic nitrogen m the form of groundnut cake (500 lb.) 
and morgaiijc nitrogen in the form ammonium sulphate (2 cwt.) or 
nitrate of soda in equivalent amount responded better than in- 
organic N. alone, the yield resulting from the application of the 
combination of manures being alike about 700 mds. (25 lb. each) 
per acre against 650 maunds for the inorganic nitrogen only. Ex- 
periments were also carried out to test the efficiency of “ Farm 
Mixture ” wnth other mixtures supplying an equal amount or half 
as much of phosphoric acid either as super or as bonemeal. These 
mixtures had the other ingredients just as in Nanjanad Farm 
Mixture. The trials were with both the main and second crop 
potato and the .observations made are (1) between half and full 
doses of phosphates significant results were obtained with the full 
dose. (2) Mixture with super as the sole carrier of phosphoric acid 
behaved just like the Nanjanad mixture, and (3) mixture with 
insoluble phosphate was definitely inferior to the farm mixture or 
the mixtm-e with super as the phosphate supplier. 

Again, from the permanent manurial experiments conducted 
on the main and second crop potatoes to test the effect of artificials 
N, K and P (N groundnut cake 500 lb. plus ammonium sulphate 
200 lb. ; K-potassium sulphate 2 cwt. ; P-concentrated super — 3 
cwt. phis steamed bone meal 350 lb.) in presence and absence of 
lime & tons per acre) or cattle manure 5 tons the following salient 
points are evident :-t- 

(1) Nitrogen by itself has not given any response. 

( 2 ) Nitrogen with K or P or K + P, has increased the yield 
ooBsiderablyt the maximum increase being with N plus P and N 
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plus K plus P (609 mds. and 571 mds. of 29 lb. each respectively) 
with an increase of about 400 per cent over the control yield of 
103 mds. per acre. 

(S) Phosphate alone is siguilicuntly better than control. 

(4) N plus P plus K in combination with cattle manure or 
hme has acted better than when alone. 

(5) No difference was observed between hme and cattle 
manure plots but lor a slight increase in favour of the latter during 
tlie second crop season. 

(6) Maximum yields were obtained from plots that received 
the full dose of cattle manure, lime and artificials both during main 
and second crop seasons. 

Fm’ther comparative trials of the farm mixtme with commercial 
fertilizer mixtures from recognised firms at different N levels (67 
lb. and 116 lb.) with and without cattle manure both on the mam 
and second ciop potato definitely e.stablished the superiority of the 
farm mixtui’e over the others. 

The studies with difl'eretu pliosphates, viz., super, steamed bone 
meal, dicalcic phosphate and precipitated phosphate, substituted 
in the Farm mixture and applied at two levels of PjO» (phosphoric 
acid) (full and half doses) to the main and second crops show that — 

(1) Lime has no beneficial effect. 

(2) Steamed bone meal is definitely inferior to the more 
soluble forms of phosphoric acid. 

(3) Both in the limed and unlimed scries full doses of phos- 
phate are better than the corresponding half-doses. 

(4) The Farm mixture with mono and dicalcic phosphate is as 
gooff as mixtures containing concentrated super or dicalcic or 
precipitated phosphate. 

Among the different oil cakes, viz., black castor, white castor, 
coconut, neem and pungam cakes substituted for groundnut cake, 
in the farm mixture, JVeeni was significantly inferior to others all 
of which behaved almost alike in their effect. 

Fish manure in increasing doses up to 15 cwt. per acre aug- 
mented the yield considerably and cattle manure at 10 tons per 
acre gave much better results than at five tons. 

General Considebations in regard to manuring in the 
Madras State. 

From the results of the several experiments conducted in the 
various parts of the State, it is possible to indicate the general 
requirements in regard to manuring of different crops. A commoQ 
feature of the experiments is the large variability of the increases 
got by manuring in the same locality and even in the same fields. 
To get the best value therefore out of the manure it is always 
preferable to distribute it in poor fields, and if indications could be 
got, in poorer portions of the same field. The advantage will bw, 
that one will be able to cover a larger area with the same quantil^y 
of manure. , ' 
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Notwithstanding the variability due to season and variations in 
soil fertility mentioned above, it is possible to give an indication as 
to the value of the manure in various localities and on difleront 
crops. A summary of results giving the manures and the dosages 
recommended for the various crops with reference to localities 
represented by the different Agricultural Kesearch Stations in the 
State, is given in Statement IV. The recommendations made are 
based on actual field trials which have been carried out for a 
sufficient number of years in the various centres and are statistically 
trustworthy. They can generally be relied on to give the broad 
effects of manuring at the places mentioned. It is also reasonable 
to expect more returns from these manures on ryots* lands in :ae 
surrounding locality than at the departmental farms where ihey 
were tried. This is because in a large majority of cases the farms 
originally possessed or were subsequently brought to a rduch higher 
level of fertihty than the surrounding tracts. This is especially true 
of the Farms at Anakapalle, Coimbatore, Samalkota, Aduthurai 
and Pattukottai. 

The findings from the manurial trials further reveal that the 
requirements of our State in the order of importance in regard to 
manurial constituents are (1) organic matter, (2) nitrogen and (3) 
phosphoric acid. 

The extensive soil surveys conducted by the Agricultural Depart- 
ment also point to the poverty of large tracts of land in the above 
three constituents. The most successful manures have been green 
manures (sometimes with phosphates) in rice lands, cakes and am- 
monium sulphate in sugarcane lands and the cattle manure for all 
garden and dry crops. These results bring home the vital importance 
of organic matter in any system of manuring in our State, ihe 
superiority of cattle manure over artificials has been brought out by 
the researches in the Agricultural Chemistry Section of the Depart- 
ment. The results of the investigations go to show that cattle 
manure conserves fertility better than artificials and produces t?eeds 
of a higher cropping and nutritive value. These findings which 
are being disputed by workers elsewhere, have to be confirmed by 
further systematic and intensive experiments on a variety of crops 
grown under different environmental conditions. Moreover, it is 
found that the residual effects of cattle manure last much longer. 
The chemical analysis of the soils in the permanent manorial p^ots 
at Coimbatore, and the green manurial experimental plots at Analca- 
palle, has shown, that even after twenty years of manuring with 
cattle manure and green manure in the two centres respectively, 
there has not been an appreciable increase in the organic maftei 
content of the soils. The investigations by a number of workers 
on tropical soils (including those conducted at the Eesearch Institute 
at Coimbatore) show that 12 to 60 per cent organic matter is being 
lost in a period of six to twelve months depending on the nature of 
the added material. That this is true of paddy lands also has been 
shown by the researches on the decomposition of green manure in 
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rice fields where large proportions of the nitrogen and carbon of the 
green leaf were found to be lost under swampy conditions. These 
results emphasise that in any system of manuring meant to main- 
tain good yields, organic matter has to be kept continuously supplied 
to the soil. This naturally brings into prominence the value of 
bulky Organic manures for the soils of the State. 

The results of the manorial trials also show that artificials have 
to be used in conjunction with organic manures to get the best 
results. The only artificials that have proved popular and beneficial 
are ammonium sulphate and superphosphate for almost all crops. 
But unfortunately super is generally unable to act well alone and 
requires supplementing with organic manures to give maximum 
benefit. Here again organic manures as green manures or cakes 
are more important and in such cases even bone meal acts 
beneficially. It is also likely that bone meal could be made more 
available by preparing it in a finer condition. Except perhaps 
ammonium sulphate the behaviour of other nitrogenous artificials 
tried, viz., sodium nitrate and cynamide has not been encouraging. 
In many cases, there were bad residual effects. It is also doubtful, 
whether we can maintain good yields for a long time with artificials 
alone. The indications are that the yields will go down by their 
continuous use, while the soil also will be adversely affected. Our 
best course, therefore, will be to use artificials only on basal doses 
of cattle manure or other bulky organic manures. Tliis procedure 
is necessitated by the present supply of cattle manure which is very 
inadequate to meet the demand. The burning of cattle dung for 
fuel purposes and the failure to collect and store it properly are 
S(ane of the causes contributing to this deficiency. To remedy this 
.evil all available resources for increasing the supply of organic 
mattw to the soil have to be exploited. The value of green leaves, 
waste straw, nightsoil, slaughter-house wastes, urban and farm 
wastes has to be fully realized and all these materials should be 
utilized to the best advantage. The remedy at present lies in making 
more extended use, wherever possible, of green manures, preferaoly 
legumiimns types raised with the application of phosphates and also 
in the preparation of composts on an extensive scale throughout the 
country from waste materials, nightsoil, etc. 

Even when full attempts are made to conserve and utilize all 
available supplies of organic matter the quantity will not be suffi- 
cient to lnee£ the needs of more than a fraction of the cultivated 
area. If our country is to he self-sufficient with regard to its food 
requirements, increased use of artificials will have to be made. A 
glance at the figures relating to the production and consumption of 
chenaical fertilizers in various countries of the world is enoqgb to 
show that acre yields of crops run somewhat parallel to the OOn- 
sumption of ferti^ers. It is essential to step up the production of 
artificials, especially mitrogenous fertilizers, by setting up a few 
more factories like ^e one at Sindri. It is well to remember, how- 
ever, that to secure the best results, artificials should be used in 
conjunction with organic manures. 
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Legislation for ensuring price and quality of manures . — in order 
to ensore the quality and fair price of different manures marketed 
in this State, Government passed in 1950, an order known as the 
“ Madras Manure Mixtures Quality and Price Control Order.” 
By this order, only firms of standing, approved by the Director of 
Agriculture on the recommendations of the Fertilizers Advisory Com- 
mittee, shall manufacture and sell manure mixtures. These finns 
are further enjoined by this order, to state the price and percentage 
composition of the mixtures on these bags, which must be sealed. 
The prices are fixed by the Director of Agriculture, after taking into 
consideration the prices of the individual ingredients in the mixture 
and the declared maximum price so approved by .the Director, «>hall 
be the maximum price at which the manure mixture may be sold. 
A special post — (The Inspector of Fertilizers) was sanctioned in 
1960, with the necessary staff, to obtain samples from the factories 
of producing firms and to carry out the analysis of such samples 
ito check with the guarantees given by the firms 
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Manurial recommmdaiiona for the. important crops of the Stale. 
LooaWy* Orxfp, Manwrea recommended and dosage per acre* 

NITROaENOUS MANURES. 

M^teru^ . . . . Rice . . Green manure 4,000 lb. or groundnut cak6 

675 lb. or ammonium sulphate 100 lb. 

Samalkot . . . Eo. . . Green manure 6,000 lb. or ammonium sul- 

phate 150 lb. 

Anaka^aUe . . Do. . . Green manure 6,000 to 8,000 lb. 

AduGiurai . . Do. . . Ammoniunrsulphate 150 lb. or green manure 

4,000 lb. 

Tirurukuppnm • . Do. . . Green ranure 6,000 to 8,000 lb. 

Pattukottai . . Do. . . Do. 

Goimbaiofe . « Do. . . Ammonium sulphate 150 lb. or groundnut 

cake 425 lb. or green manure 6,000 lb. 

Pattambi . . . . Do. . . Ammonium sulphate 150 lb. or groundnut 

cake 425 lb. or green manure 5,000 Ib. 

COMBINATION OF ORGANIC AND INORGANIC NITROGEN. 

Maruteru . • . . Rice . . Green leaf 2,000 lb. plus ammonium sulphate > 

1001b. 

Pattambi • • . . Do. . . 1. Green leaf 4,000 lb. plus ammonium sul* 

phate 75 lb. 

2. O^tor cake 700 lb. plus ammonium su* 

phate 75 lb. 

3. Groundnut cake 425 lb. plus ammonium 

sulphate 75 lb. 

4. Neem oake 500 lb. plus ammonium sul- 

phate 75 lb. 

NITROGEN AND PHOSPHATE COMBINATIONS. 

Samalkot . * . . Rice ' . . 1. Green manure 4,500 lb. plus super 167 lb. 

2. Ammonium sulphate 150 lb. plus super 

167 lb. 

3. Niciphos 30 lb. nitrogen plus 30 lb. PyO^* 

4. Green manure 2,250 lb. plus ammonium 

sulphate 75 lb. phis super 167 lb. 

Maruteru , • . . Do. , . ]. Niciphos 44 lb. nurogen plus 32 lb. P-Og* 

2. Green leaf 2,000 lb. plus ammonium sul- 

phate 160 lb. plus super 180 lb. 

3. Groundnut cake 637 lb. plus flour phos- 

phate 48 lb. PjOj. 

4. Milled guano 32 lb. P3O5 plus groundnut 

cake 425 lb. 

Aduthurai .. .. Do. .. 1. Ammonium sulphate 100 lb. plus supei 

751b. 

Do. 2. Green leaf 2,000 lb. plus super 112 lb. 

Coimbatore . . Do. . . Green leaf, 4,000 lb. plus su^^er 112 lb. 

Pattukottai . . Do. . . Do. 

Pattambi .... Do. Do. 

Anakapalle , . Sugarcane . . Cattle manure 5 tons plus green leaf 2,000 lb. 

plus super 112 lb. plus ammonitim sul- 
phate 260 lb. 

Samalkot , . * . . Do. , . 1. Ammonium sulphate 500 lb. plus bona 

meal 224 lb. plus super 224 lb. 

2. Groundnut cake 1,200 lb. plus bone meal 
224 lb. plus super 224 lb. 

Mui •• , . r o. . . 1. Goundnut cake, 1,000 lb. plus ammonium 

sulphate 100 lb. 

2. Groundnut cake 800 lb. plus ammonium 
•ulphate 200 Ibj 
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Lodal^. . 

Crop. 

Manures reo&mmended and dosage per oefe. 

NITROaBN AWD PHOSPHATE COMBINATIONS— ooni, 

Samalkot . . 

Banana 

Ammonium sulphate 2^ oz. olus potassium 
sulphate 2} oz. plus super 2| oz. per tree. 

Palinr 

Do, 

Potassium sulphate 16B lb. plus groundnut 
cake 500 lb. plus super 224 lb. per acre. 

RAINPED AND GARDEN LAND CROPS. 

Coimbatoro 

Ootton 

1. Cattle manure 15 cartloads. 

2. Green manure ploughed in situ (red soil), 

3. Ammonium sulphate 336 lb. 

4. Potassium sulphate 100 lb. plus super 

336 lb. 

Ooimbatore 

Oholam and 
Kagi. 

Cattle manure 5 tons per acre. 

Palur 

Groundnut. 

Super 112 lb. plus cattle manure 5 cartloads. 

Guntur and 

Nandyal. 

Cotton 

Ammonium sulphate 224 lb. plus super 1 12 lb. 
plus cattle manure 5 cartloads. 

Hagari 

Do. 

Compost and cattle manure at 50 lb. nitrogen 
(3 tons). 

Koilpatti . . 

Do. 

Groundnut cake 259 lb. plus ammonium 
sulphate 112 lb. plus super 112 lb. plus 
cattle manure 3 tons. 

Guntur, Hagari and 
Nandyal. 

Sorgum 

1. Ammonium sulphate 224 lb. plus super 

112 lb. plus cattle manure 3 tons. 

2. Green manure, cowpea. ploughed in situ. 

Koilpatti . . 

Do. 

Groundnut cake 500 lb. plus tniper 112 lb. 
plus cattle manure 2 tons plus cotton com* 
post 1 ton. 

Hagteri 

Tenai 

Cattle manure 6.000 lb. (50 lb. nitrogen). 

Koilpatti . . 

Bajra 

Ammonium sulphate 224 lb. plus super 112 lb. 
plus cattle manure 3 tons plus ootton 
compost 1 ton. 

Guntur 

Maize and 
Variga, 

1. Kossier phosphate 224 lb. plus bonemeal 

224 lb. plus cattle manure 3 tons, 

2. Cowpoa ploughed Sim plus super 56 lb. 

Nanjanod . . 

8dma% 

Nanjanad Farm Mixture. 

Nandyal 

Groundnut . . 

Cattle manure 8 tons. 

Guntur 

Tobacco and 
Chillies. 

Ammonium sulphate 224 lb. plus potassium 
sulphate 100 lb. plus super 224 Ib. ptaa 
cattle manure 2 tons. 

Taliparaniaba 

Pepper 

Leaf mould 20 lb. plus fish guano lb.*'plus 
sodium nitrate or ammonium imlphatb 
i lb. plus potassium sulphate } lb« 
super i lb. plus lime } lb. per yine. 

Kasargodand 

Pillioode« 

Cooonut 

Ammonium sulphate 8 lb. plus ashes 20 lb, 
plus cattle manure 100 lb. per tree. 

Kaajanad .. 

PoUio 

Farm mixture: groundnut cake 600 Ibw 
plus ammonium sulphate 200 lb. ^ 
steamed bonemeal 850 lb. plus potaanuiii 
sulphate 224 lb. plus oonoentraied saMr 
886 lb. 
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Statement thowirtg manurial compoeiUons of some of the important 
green manures and green leaves. 

Manurial composition. 

Materials. as per centages on air-dry basis. 




N. 

P»06 

K,0 

Dainoha 


35 

0-6 

1*2 

Sunnhemp 


2*3 

0*5 

1-8 

Wild indigo plant 


1-8 

0*2 

0-6 

Wild indijp^o leaves 


3-2 

03 

1-3 

Indigo romee . . 


1*8 

0*4 

0-3 

Boga (Tephrosia Candida) .. 


20 

07 

10 

Prickly-pear 


0*3 

1*2 

M 

Rain tree leaves 


3-3* • 

. , 

. , 

Forest leaves . . 


1-2 

0-6 

0*4 

Tea prunings 


2*4 

0 5 

13 

Green weeds . . 


0*8 

0-3 

0-2 

Sea weeds 


M 

0-3 

30 

Fern weeds 


31' 

0-6 

3*0 

Bedgram plant 


2*8 

0*4 

20 

Virali (Vodonea visiosa) cuttings . . 


1*8 

0-7 

1*8 

Otyrioidia maoulata cuttings 


2-9 

0-5 

2*8 

Adathoda vasica cuttings . . 


2-6 

0-6 

2*9 

Malaipoovarasu (Hibiscus tiliaoeous) 


21 

0*5 

2*1 


Statement showing the chemical composition of some of the Common 

Organic manures. 

Cohnposition. 


Manures. 


N. 

P20^. 

K,0. 

CaO. 



Pbb 

Peb 

Peb 

Peb 



cent. 

CENT. 

cent. 

cent. 

Groundnut cake 


7*6 

1*3 



Castor cake 


6*3 

1*6 



Pungam cake 


4*2 

0*9 



Neem cake 


4*7 

1*9 


, , 

Gingelly cake 


6*1 

2*4 


, , 

Safflower cake . . 


6*5* 

1*0 



Coconut oake . . 


35 

1*4 



Linseed cake 


6-6 

1*4 

V*3 

, , 

Tobacco seed cake 


45 

1*8 


. . 

Kuktunba cake 


3*2 

, . 


, , 

Pimiai cake 


2*7 

M 


, , 

lUupai cake 


2*7 

0-9 


. . 

Leather shavings 


8*4 

01 


. , 

Blood meal 


11-6 

1*2 



Hoof meal 


12*8 

, , 



Crab manure 


1*6 

2*8 

0*6 

34*0 

Fish guano and fish ipanure . . 


6*8 

7*1 


• • 

Horn nieal 


140 

. . 


e e 

Bone fluff 


12*4 

6*1 


6*2 

Bone sinews 


8*6 

10*3 


. , 

Bone jelly 


6*0 

17*0 


17*8 

Bone guano 

Bone dust 


6*6 

3*7 

21*4 

24*5 


31*8 

Steamed "bone meal 


4*4 

23*6 


41*8 

Bone ohar 


1*0 

28*9 


88-8 

Boneash 


•• 

88-8 

•* 
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Statement ekowing the manuricU composition of a number of 
X Chemical fertUizere. 


FertUizors, 

Nitrogenous — 

Ammonium sulphate 

Ammonium nitrate 

Sodium nitrate 

Aimuonium phosphate (ammophos 

Diammo’phos . . ... 

Leuno-phos 

Nici-phos 

Nitrolim 

Calcium nitrate . . 

Potassium nitrate— crude 
Potassium nitrate — rehned 

Urea 

Phosphatio— 

Super phosphate — -ordinary 
Super phosphate— concentrated . . 
Basic bone super phosphate 
Bone black or bone char 
Potassium phosphate 
Trichy phosphate . . 

Flour phosphate 

Kosier phosphate 

Basic mineral phosphate . . 

Basic slag 

Potassio— 

Potassium sulphate 

Potassium chloride 

Kainit 

Ashes— wood 


Do. 

bratties 

• • 

• • 

Do. 

paddy husk 

• • 

• • 

Do. 

cotton stalks 

• • 

. • 


Percentage com$)oeiiian. 


N. 

P. 05 . 

K»0. 

CaO. 

20-6 


m e 

e e 

330 

. . 

« . 

e 

15*5 

. . 


» a 

16*0 

210 

- 

« • 

21*0 

53*3 


# 9 

21*0 

200 

. . 

e • 

17*5 

18*0 

. . 

• * " 

16*0 

. . 

. . 

• s 

15*5 

. . 

. . 

245 

4*5 

. . 

14*5 

• « 

10*5 

• . 

370 

• • 

460 

» • 

. , 

• * 


16 to 20 

« • 

* • 

430 

. . 

e • 

15*4 

. . 

• s 

16*4 

. . 

• a 

23*0 

17*0 

a • 

220 

• • 

54*0 

230 

. * 

50*0 

32-5 

. . 

14*0 

330 

. . 

• • 

17*2 


46*0 


48*0 

• • 

, • 

48 to 62*0 

• • * 

. • 

12*5 

« • 

1*5 

4*0 

22«0 

20 

0*7 

a a 

05 

0*3 

a a 

1*8 

9*4 

28*6 



CHAPTER 19. 

AGRONOMY. 

latrodttction o( new croiKS — Cultural trials— Weed eradication— 
Inter-cultivation— rotational and mixed cropping— Agronomic prac- 
tioes under new irrigation projects— duty of water— irrigation and 
manuring— Dry farming practices^ bunding, scooping, deep and 
sbaliow ploughing, spacing and seedrate, interculture, strip cropping, 
fallowing— Experiments on ryot’s lands — Crop improvement, root 
studies — ^Dry farming developmental scheme — Contour embank- 
ments* 

Jntroduciion , — Agronomy is that branch of Agriculture which 

deals with the theory and practice of field crop production and 
soil management.” The term embraces all field operations &*'ich 
m preparatory tillage, sowing or transplanting, manuring, irrigation, 
interculture, harvesting, etc. The various agronomic trials con- 
ducted in respect of individual crops in the several Agricultural 
Research Stations in the State and the results obtained therefn.m 
are dealt with under the respective crops. Such of the agronomic 
jtrials which could not be dealt with conveniently under any particular 
crop or which relate to a number of crops such as mixed crops or 
crop rotations or trials which relate to particular zones, like the 
soil conservation problems of the Ceded districts and the irrigation 
problems of the Tungabhadra Project area are dealt with separately 
here. 

Introduction of new crops or old crops in new areas in Madras , — 
The introduction and cultivation of new plants in place of old ones 
is perhaps as old as the history of human civilization. In the early 
days traveHers, explorers and pilgrims collected seeds and plants of 
useful species they came across in their travels and brought them 
to their home lands or took them to other countries they visited. 
The original plant introductions in most countries were thus effected 
by private enterprise. Though all such introductions have not 
established themselves in new localities, it is remarkable that several 
have taken kindly to their new environs. In more recent years the 
introduction of new plants has become a necessity, in the economy 
of several countries and some like the United States of America and 
U.S.B.R. have established special state organizations which send 
out trained explorers in search of new plants or new varieties of 
exisfing species. These are nurtured in suitable localities and are 
either selected and multiplied or used as basic material for breeding 
new strains which mav prove more economical for cultivation than 
the existing species. Though such specialized organisations do not 
exist in India, this country which enjoys a great variety of climate 
has not lagged behind others either in her contribution to the supply 
of indigenous plants to foreign countries or in fostering the introduc- 
tion of useful exotics into her own shores. The various departments 
of Agriculture in India and enterprising commercial interests havt 
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been alive to the importance of crop introduction. A casual survey 
of the cultivated crops in India shows that many crops which flourish 
ito-day on the Indian soils had their original homes elsewhere. Out- 
standing examples of such introductions into Madras are the 
American cotton (G. Hirsutum), African cotton (G. herbaeeum) 
groundnuts, Chinese orange, cofiee, tobacco, para rubber, potato, 
sweetpotato, tapioca, cashewn^t, papaya, pineapple, grape-vine, 
.tomato, maize, several species of aloes and cactus, deciduous fruits 
like apples, pears, and peaches, and a great variety of ornamental 
plants and vegetables. To this list of foreign introductions may be 
added those which have come from other States in India and the 
spread of particular crops which were introduced from one part of 
the State to another either in the original form or as improved 
strains. The following crop introductions have benefited the Madras 
cultivator in the recent past. 

Cereals . — ^Rice is the staple food of the State, the crop covering 
11 million acres. Rice is almost exclusively indigenous, but 
examples of some introdnctions made by the Agricultural Depart- 
ment which have become popular in localised areas are the puttu 
(glutinous) rices of Burma, the pulam varieties from Uttar Pradesh, 
some flood resistant varieties from Assam and some saline resistant 
strains from Orissa . Home entirely new areas are now being hroughf 
under rice, as in Paftukkottai taluk in Tanjore district which has 
come under irrigation in recent years, under the Cauvery-Mettur 
proiec?. Tn the matter of introduction of new strains, Madras may 
well be proud of its achievements. .About 100 strains released by 
the Department occupy at present half the area under this crop. 
Cereals other than rice are also mostly indigenous and consequently 
the scope for new introduction is very limited. Whip hajra (P.T, 
700) from Nigeria is almost a solitary' exception among the millets 
grown in the plains. Improved strains of indigenous cereals are 
however making rapid headway. About 10,000 acres of wheat are 
grown in the State paitlv on the plateaux as a cold weather crop and 
partly on the hills. 8,500 acres of barley are also grown almost 
exclusively on the Nilgiris, 

Pulses . — Most of the pulses raised in Madras are indigenous. 
Bengalgram (Circer arietivum) is the chief introduced crop, grown 
mainly in the districts of (luntur, Kurnool . Bellarv and Anantapur. 
The aicre yield of this crop in the Rt'afe is however porir; hence the 
hulk of the consumption is met by imports from the Punjalj. A 
more recent introduction which has taken the imagination of the 
educated classes, is the soybean. Varieties imported from Bnnna 
and Tndo-China have done well in certain limited areas but the 
introduction has not gone beyond the experimental stage. The 
garden pea is another introduced crop which is severely confined to 
the hill stations in this State. 

Root crops . — The potato is to-day an important crop in idle 
Nilgiri disfri^ comprising an area of about 15,000 acres, Among 
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several varieties introduced from Europe, ‘ Great Scot ’ has become 
.the most popular, occupying about 90 per cent of the total acreage. 
The fweet potato is another example of an exotic which has been 
well received throughout the State and is raised both under rainfed 
and irrigated conditions. The tapioca (cassava) is another root crop 
which has come to stay in Madras. Originally introduced in 
Travancore where it became an important food crop, it has spread 
to several parts of Madras, particularly Malabar, South Kanara, 
Tirunelveli, Salem and Chingleput. 

Fruits . — Though India is claimed to be the original home of 
Citrus, it is doubtful whether all the popular varieties of citrus now 
in India are indigenous. The area in Madras under these fruits is 
about 46,000 acres comprising mostly of limes (C. aurantifolia) , 
loose jacket oranges (C. reticulata), the sweet orange (C. sinensis) 
and the sour orange (C. aurantium). Smaller areas are under horti- 
cultural varieties or hybrids like Chinee in Cuddapah, Batavian 
orange in Circars and VadJapudi orange in Krishna. The establidi- 
ment of the loose-jacket orange which flourishes on the rainy hill 
slopes of Malabar, Salem, Nilgiris, Visakhapatnam and Godavari 
districts, is an example of the introduction of a useful plant from one 
part of the country to another. Deciduous fruits like apples, pears 
and peaches introduced from Europe have established themselves 
in limited areas on the hill stations with a sub-tropical climate. The 
pineapple is another useful fniit plant which has established itself 
in parts of Malabar, South Kanara, Yisakhapatnam and Godavari 
districis. The papaya is yet another example of a useful exotic, 
which has a cosmopolitan range. The most recent introduction is 
the tomato which flourishes in a variety of soils and climate and 
for which the Indian peasant is rapidly cultivating a taste. 

Vegetables . — The most impoifant vegetable crop of foreign 
origin is the Dhulia onion (Bellary onion^ whose cultivation was 
almost unknown about 40 years ago. To-dav, it is largely grown in 
several districts. Other introduced vegetables are chiefly cabbage, 
knol-khol, cauliflower, carrots, beef-root, french-beans, garden-peas, 
etc. , which are raised largely in the hill districts for supply to the 
towns. 

Fodder crops . — ^Rice and sorghum which are both indigenous, 
provide the staple fodder, in the form of straw. Fodder sorghum 
is gaining popularity in some districts where it was not in use before 
and. the Periamanjal of Cioimbaforp is an example of a local variety 
spreading in the neighbouring districts of Salem and Tiruchirapalli. 
The chief introductions from outside India are maize, lucerne, 
Napier-grass, Guinea-grass, herseem, Bhodes-grass and teosinfe. 
These are slowly becoming popular chiefly through the efforts of the 
Agricultural Department. 

Industrial crops . — Cambodia cotton, occupving a normal area 
of over four lakhs of acres, is an outstanding example of an 
introduced crop which has benefited the Madras cultivator. 
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Thaiiks to the efforts of the Madras Agrictoltural DepartmeniE, i>hd 
bulk of this area is under improved sixains like C 02 , Gos and Go*. 
In normal years, about 85,000 acres of Uppam (African) cottQn aro 
grown. Virginia tobacco which has estabhshed itself during the 
last two decades now occupying over one lakh of acres in the 
districts of Guntur, Godavari, Krishna and Nellore is another 
example of a valuable introduction. The strain HS9 is the most 
popular in Virginia tobacco. Groundnuts with a normal acreage 
of about 3’7 millions and a money value of over 20 crores of rupees 
occupies the largest area under any single crop of exotic origin. 
High yielding departmental strains in this are rapidly becoming 
popular. That 17 out of 27 district's grow over 60,()00 acres of this 
crop shows its adaptability to different conditions of soil and climate. 
Another introduction of importance is coffee. Though oonfine-l to 
the hill slopes, the crop covers an area of about 80,000 acres, most 
of which is C. arahica, originally introduced by a pilgrim from 
Arabia. In the lower altitudes (below 2,000 feet) C. rohtuta, 
which is less susceptible to diseases and pests is the more popular 
variety. Most of the tea grown in South India is of Assamese 
origin. A small amount of Chinese hybrids is also grown mixed 
with the Assam jat. This crop which was unknown in the Rfate 
60 years ago is now grown over 77,000 acres and forms an impor- 
tant article of commerce. Among the industrial crops of exotic 
origin, the cashevrout has in recent years taken some importance 
and it sustains a flourishing industry on the West Coast. Para 
rubber which is cultivated over 14,000 acres and Cinchona culti- 
vated over 3,000 acres form less important exotics which flourish 
in restricted localities of the State. The most recent' introduction 
which promises to add to the prosperity of the State is Pyrethrum 
which yields an important insecticide. 

Though sugarcane is indigenous to India and it’s cultivation was 
well known in Madras, the popularity of the crop with the ryot 
made rapid strides only’ during the last two decades. Till then the 
varieties most popular with the ryots were introductions from 
Mauritius, Barbados, Fiji and Java. Seedling canes like Co. 419« 
evolved at the Sugarcane Besearch Station, Coimbatore, which 
yield anything up to 60 tons per acre and can stand short water 
supply, have along with other reason", revolutionized the indnstrv 
in the State, with the result that about 260,000 acre.s are now 
under sugarcane. One of the many examples of the new areas 
coming under sugarcane is Vuyyur in Krishna district where a 
large acreage has sprung up on what were originally rice lands. 

Green manure crops — Daineha (Seshania aoideata) which htiiibi 
from Bengal is the most important green manure crop introduiied 
in Madras. It is well adapted for rice soils and can straii 
alkalinitv. Of late, S. speciom, which is more succulent and leafy • 
than Daineha is also becoming poptdur. The seed supply is mun; 
tained largely through the efforts of the Madras Agrkudtmnu 
Department. 
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Miscellaneous. — ^Amoog miscellaHeous introductions, mention 
may be made ol the prickly pear which till recently was a very 
important fencing planjt. The tendency ol the plant to over run 
arable land, necessitated its destruction by the introduction of the 
Cocliineal insect. It place is now largely taken by Aloes of various 
types and Kiluvai {Commiphora Berry). The latter s indigenous 
to South India, but its use as a hedge plant is being popularized in 
tracts where it was not known before. The wattle introduced in 
the Nilgiri Hills, for its bark used in 'tanning, has come to stay. 
The mihberry introduced in KoUegal is supporting a thriving silk 
worm rearing cottage industry. 

Among exotic trees cultivated successfully in Madras, special 
mention may be made of three. — (1) the Casuarma {Casuanna 
equisetifolia) (2) the blue gum {Eucalyptus globulus) and (3) the 
silver oak (GrevUela robusta), all of which are of Austrahan origin. 
Casuwina is grown on a plantation scale largely on the sandy 
waste lands along the eastern sea coast of the State, and is the 
chief source of firewood for the city of Madras and several coastal 
towns. The blue gum has acclimatised itself successfully on the 
Nilgiris. Besides yielding the valuable Eucalyptus oil, it is the 
most important source of fuel in the hill stations of the district. 
The silver oak is yet another introduction which has taken kindly 
to the hilly districts of South India. By virtue of its quick growth 
and straight hardy trunk, it is in favom* in the tea plantations to 
serve as wind-break belts and in some of the coffee plantations 
for the much-needed shade. 

Cultural trials. — Cultivation is the most widely practised agri- 
cultural art; but perhaps it is the least understood branch of 
agricultural science. Discussing tlie effect of cultivation on 
increasing crop yields in the Journal of Agricultural Science, 
B. W. Bussel and B. A. Keen have shown that the yield of field 
crop is, in general, either unaffected or actually reduced by extra 
cultivation operations. They draw a distinction between cultivation 
operations which are absolutely necessary such as preparing a seed 
bed and those that are considered desirable but not absolutely 
essential. The latter are spare time operations of the cultivator. 

The numerous tillage implements and the various cultivation 
practices that exist today haVe been mostly evolved through gene- 
rations of farmers by trial and error methods. These have for a 
long time been taken for granted even by the agricultural scientists 
without question, so that, compared to other branches of agricul- 
tural science, data on effects of different methods of tillage are 
meagre today. There are still many agriculturists who feel that 
tha deepOT and more thorough the tillage, the greater is the benefit 
deitved horn the soil. But the trend of the results in modem 
wientific expeiiments however shows that' the benefits of cultiva- 
tion have in general been over emphasised. Allan in 1935 reviewed 
tike lieults of experiments on primary tillage made in several parts 
of India and concluded that the inversion plough had no marked 
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advantage over a good type of paring plough or over .the country 
plough except in the maiter of eradicating perennial weeds , or in 
the preparation of the soil for garden crops. 

Various cultural experiments were conducted at the Agricultuial 
Xtesearch Stations in Madras and the results obtained are sum- 
marised below. 

Preparatory cuUivation experiments. — A large number of experi- 
ments have been done in recent yeais at the Agi’icultural Research 
Stations at Coimbatore, Koilpatti, Nandyal, Cruntur and Hagari, 
with the object of determining tlie optimum preparatory cultiva- 
tion that is conducive to the economical production of crops. Light 
iron ploughs drawn by one pair of working bullocks, and capable 
of turning the soil to four to five inches, local wooden ploughs, big 
iron ploughs drawn by two or three pairs of bullocks and tmning 
the soil to eight to nine inches, and blade harrows called guntakas 
that scrape the surface soil were used. Plots that were not culti- 
vated in any manner for sowing the crops were also included. The 
number of times the various implements or the combination of 
implements were used, ranged from one to eight. 

The results of the several experiments conducted at CoimbatorOt 
Koilpatti, Nandyal and Hagari were not conclusive. No treatment 
was particularly effective year after year, or for a few seasohs at 
least. The general indication was that tWe was not mnch differ- 
ence between one method of preparing the land and another and 
the final yields obtained were on par with each other. Neither the 
superiority of any implement nor the eificiency of operating it a 
number of times was brought out by the experiments. Even the 
plot that was worked with ploughs or other implements a number 
of times was only equal to the plot that was not ploughed. The 
larger number of cultivations and the greater depth of penetration 
of the implements into the soil were superfluities and were unneces- 
sary in tracts like those listed, where rainfall is not abundant. But 
it must be pointed out that preparing the land by ploughing or some 
other operation is necessary to produce a condition of soil that 
facilitates sowing on receipt of rains and the gerinination of the 
seeds sown. Another factor that woqld determine the number of 
the ploughings is the rainfall during the fallow period and the 
presence of weeds in the field. The field has to be cleared of 
weeds, before they set seed. 

It has been observed at the Cotton Breeding Station at CouA* 
batore that the seal in plots receiving both greater deptii and fre> 
quent cultivation was generally of a loose texture and unfit as seed 
bed for drill sowing and suffered by poor germination of seed, aparse 
stand and stunted growth. During years of heavy rain at sowing 
period, the tmcultivated and the^ less cultivated plots invariably 
contained a fur and.evtm {$and, wi&out showing any of the delects 
experienoed in well cultivated ireatments. 
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In the absence of special advantages, the method of miniTnizing 
cultivation to represent the optimum cultivation would appear to 
be both practicable and economic. 

The preparatory cultivation experiments done at Guntur are m 
a different category. In all the three years of experimentation 
maximum cultivation gave the highest yields. The maximum 
cultivation adopted was ploughing the land four times, working 
guntaka twice and working gorru twice, which is the local practice. 
With an assm&d and well distributed rainfall occurring in the tract, 
cultivation benefited both the crops that appeared in the rotation. 
The cultural practices have, therefore, to be fixed with due regard 
to seasonal factors and the crops grown. 

Korai eradiction. — It was attempted to devise a method of 
eradicating ‘ Korai ’ {Cyperus rotundus) by cultivation methods 
frmn the red soil areas at the Central Farm, Coimbatore. The 
experiment was carried out for five seasons from 1942 and a number 
of cultivation methods were under test. The results obtained show 
that working H. M. Guntaka or Cooper No. 11 plough once in two 
weeks and keeping the land fallow without sowing crops for two 
seasons will reduce korai incidence. The land which was cropped 
in the usual manner and worked with Victory plough once a fort- 
night during the non-crop period or fallow period had significantly 
less incidence of Korai than the land which was under normal 
cropping and cultivation. The korai incidence was determined by 
counting the number of live korai bulbs in small areas two feet 
by two feet taken in the plot in question at random, up to a depth 
of one and a half feet. 

Bunding. — The land is divided into small bunded compartments 
by using the implement called bund-former, during the pre-monsoon 
period, to facilitate the retention of rain water at the commence- 
ment of the monsoon, before sowing and the conservation of soil 
moisture. Bunding is now a recognized agricultural practice of 
value in the Hagari tract. Bunding was tried both at Nandyal and 
Koilpatti and plots bunded were not better than the nnbunded 
plots. While bunding may be of value in regions of low rainfall, 
it is not hblpful in regions where the rainfall is sufficient for 
normal crop growth. 

Transplantation in beds and ridges. — The relative merits of 
transplanting seedlings on ridges and beds, were studied on ragi 
and onions for a period of four years from 1912-13 to 1916-17 at 
Hagari. Both the methods were of equal value, but beds required 
more water for irrigation and consequently the cost of cultivation 
was higher. Planting onions on ridges was found to be more con- 
venient. 

Inter-culUoation, trials. — The nature and frequency of after- 
cultivation necessary for cotton in red and black soils of Coimbatore 
was studied at the Cotton Breeding Station for three years from 
1962. The treatments included shallow inter-cultivation. dCNIIIII^ 
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jjater-4SttltiTation, hand hoeing, picking the weeds with hand with- 
out using any tools, at varying intervals and also non-removal of 
weeds by any method. All methods of keeping the land free of 
weeds inclusive of picking weeds by hand were quite satisfactory, 
without any method being particularly superior. Inter-cdltivation 
with bullock power seemed unnecessary. 

The usual practice m the Hagari tract is to give two inter- 
cultures for sorghum crop and three for the cotton crop. To test, 
whether by increasing the number of inter-cultures, extra yields 
could be obtained, an experiment was conducted for four seasons 
from 1936 to 1940. Two to five inter-cultures for sorghum and 
three to six inter-cultures for cotton were compared with the two 
treatments. — (1) Weeding alone and (2) no weeding and no-inter- 
cultuie. The results showed that no hard and fast rule could be 
laid regarding the number of mter-cultures required. The 
cultivators’ practice appeared to be qmte sound. 

Conclusions . — It is seen from the experiments conducted at 
several places that yields .in dry areas are influenced largely by 
seasonal conditions and the distribution of rainfall. In years of low 
rainfall, increased cultivation does not seem to enhance crop yields. 
On the other hand, if rainfall is well distributed as in the Guntur 
area increasing the cultivation tends to increase the yields. Experi- 
ments conducted at Hagari to test the suitability of deep ploughing 
for the black soils of the Bellary district indicate that the soils do 
not require deep ploughing, unless the land gets foul with deep- 
rooted weeds and that in clean fields deep ploughing is no better 
than working the Guntaka for preparing the land. In the experi- 
ments conducted at the Agricultural Besearch Station, Koilpatti, 
on the clayey soils, variations in either depth of ploughing, time 
of ploughing or the kind of implement used did not influence the 
finah yields. In one set of trials in which ploughing was compared 
with ‘ no ploughing ’ diuring four seasons, the ploughed plots did 
not yield more than the unploughed plots in any of the years. With 
regard to inter-culture also, inter-cudtivation as a necessary opera- 
tion fot the removal of weeds, is desirable, but it has not been 
possible to fix definitely the number of inter-cultures to be given 
to crops, as this is dependent mainly on the prevailing seasonal 
conditions during the year. As weeing is absolutely necessary 
for most crops, intercultivation cannot be di^ensed with. 

Some of the above evidences suggest that it may be possible to 
dispense with some, if not many, of the age-long cultural hatdis 
wi^out adversely affecting the yields. Expenses on cultural opera- 
tions have risen to very high levels in recent times due to the 
increased wages paid to agricultural labour and any reductiop in 
the number of ploughings, the depth of ploughing or the number 
of intercultivation operations necessary for crop production would, 
therefore, be a definite economic advantage. Besearch on tillw^ 
iffoblems is still in the early stages and from the results so nt 
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obtained, it is not possible in many cases to make definite recom- 
mendations that would apply to all sojI *arid climatic conditions. 
There is thus an immediate need to undertake extensive investiga- 
tions on tillage practices traditionally followed by the cultivators 
or actively advocated by the Department to confirm the views held 
on the subject. 

Rotational cropping . — A croj^ rotation is a sequence of crops 
grown in recurring succession on the same land. Difierent crops 
are grown in a systematic order, one after the other, rather than m 
a haphazard fashion, or continuous culture of the same crops on the 
land, notations properly framed enable good farming, proper soil 
management, the observance of soil conservation practices, the 
proper use of land resulting in maximum returns being obtained. 

Appropriate crop rotations are considered desirable from many 
points of view. The different crops have different feeding habits, 
they take the moisture and plant nutiiments from difierent soil 
zones, in varying proportions; they do better when they follow other 
crops than wh(?n they follow the same crops and tlie object of a 
suitable rotation is to take advantage of these variations in the 
habits of plants. Growing . nilahle crops in the different seasons 
of the year enai)h‘s the various operations being distributg^I 
throughout the year and aids effective and efficient farm-manage- 
ment. Grop rotations help to naluce losses caused by weeds, in- 
sects and plant diseases and to maintain or augument the organic 
matter and nitrogen content of the soil. 

Crop rotations have heeai in existence m this country for long. 
They are very muiierous and xaricd, particular!} in Madras due 
to the preseiK’o of different types t)f soil like the black cotton soilh, 
black soils, red soils, alluviums, laterites and so forth and ihe 
existence of different systems of cultivation like the dry, wet and 
garden land systems, with var}ing comliinations of soil t\pes and 
cultivation practices. Some of the existing rotations have a sound 
back ground, having been evolved through centuries of experience 
liy a natural method of trial and error. 

The value of rotational cropping has been studuai at the different 
Agricultural Besearch Stations m tins State and the conclnsimis 
drawn differ, depending upon the joint influence oT the soil, climate, 
season and management. It has to be taken that a rotation found 
suitable at a particular plan* need not necessarily be so at other 
places. The indications obtained h\ (*onducting rotation expen- 
ments at the various Agricultural Besearch Stations are reviewed 
hereunder. 

Coimbatore, — Bengalgram. sorghum and cotton are the common 
crops of the dry lands, grown annuallv in the above order. 
The inclusion of a pulse crop like Bengalgram tends to keep up 
and maintain the yields of the other two crops. Wlieilnu' cotton 
follows sorghum or Bengalgram does not appear to affect its yiefd, 
but the sorghum crop following Bengalgram appears vigonms and 
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' ifc} benefited. Cotton after cotton continuously is not found to b« 
advantageous. 

Tindivanam . — Cereals generally do >vell after groundnut and 
belter than after cereals. Spreading groundnut following sorghum 
shows a marked reduction m yield. 

Koilpaiti . — A study of tlie effects of sorghum and bajra on the 
foilowung cotton crop showed tliat there was no difference in die 
average yields of cotton whether it was grown after bdjra or sofyhum 
ju a four-course rotation — bajra — cotton — sorghum — cotton and in 
a two-course rotation wiiere cotton and the cereal were alternated. 
Cotton following a pulse crop appeared to be the best and the 
poorest when following a previous cotton crop. The general 
assumption that, wdieii a crop is grown on the same land year after 
year its vield tends to be depressed, is not correct under Koilpaiti 
conditions: bajra, sorghum, cotton and pulses were not affected 
by monoculture over a period of 13 yeaj*s. 

Na7}dyaL — Sorghum and cotton an' commonly grow’n Here 
alternately. The inclusion of gi‘Oundnut as a tliird crop in the rota- 
tion was found to be an economic advantage, particularly when u 
preceded^ sorglnim ; tlie sorghum cTop following groundnut gave 
increased grain and straw yields, (’ollon is not affected by the 
preceding crop, not even by a fallow. Groundnut yield is also not 
influenced by the preceding crop. 

Hagari . — The land was kept fallow, that is without any croi>- 
ping in the crop season, in alternate years and also once in three 
years. Sorghum and cotton, the crops included in the rotation, 
gave increased yields- when they followed a ‘fallow', but when 
‘ the total return from one .tycle of crops in the rotation w'as con- 
Bidered, fallowing emee in two or three years entailed loss always. 
Keeping the land fallow for one cropping season is not advisable, 
though this is e recognized device to get assured crops in the low^ 
rainfall regions of America. 

Notwithstanding the various attempts made at the different 
Agricultural Research Stations in the Madras State, it may he 
stated that suitable, rotations have not been evolved, as the 
differences between the various rotations in their ultimate effect 
"bn total return from land has been little or negligible. The 
introduction of a leguminous crop in the rotation improves the 
y ield v>f the croj) following. The legumes fix atmospheric nitre* 
gen in the plant tissues and leave behind in the soil roots and 
stubbles which add to the stock of soil nitrogen. Among the. 
leguminous crops, groundnut apjiears to he popular with the 
cultivators on account of the high prices thal the pods have been 
fetching in recent years. It takes rank as a commercial crop and 
its cosmopolitan 'habits and adaptability to all classes of soils 
have assured it a favourite place in South Indian agriculture, 

Mixed cropping . — ^In mixed cropping, two or more crops are 
grown together on the same land in a mixed fashion. This is 
practised in various ways, with annual field crops/ perennial 
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fruit trees, flower plants and plantation crops. The most (^oinmon 
metliod is the one in which the seeds of the different crops aie 
mixed together and sown broadcast. drill sowing is 

common, the different crops are sown in different lines. The s\stenj 
of mixed' cropping in which the different crops' are sown at 
different times also exists in some of the districts. Mixed crop- 
ping is more commonly adopted in dry lands which depend upon 
raihfall only for supplying moisture to the soil and the cliief 
crops grown are millets, oilseeds, pulses, and fibre crops. The 
cereals are ./I’owii mixed with raanv other crops, whose produce 
are of everyday use to the cultivator. There was greater emphasis 
on this aspect in the earlier years, when communications were 
not properly developed and when people had to depend upon 
local produce for most of liieir recjuirenients. Though the need 
for this type of subsistence farming is past, mixed cropping per- 
sists in this land of uncertain rainfall, as even under the worst 
conditions, one crop or another gives some return and mixed 
cropping is an insurance against complete failure of crops in 
adverse seasons. The nature and number of crops mixed differ 
in the different areas. Alinost all the pulse crops except bengal- 
gram are grown with sorghum and bajra. The following are some 
of the common mixtures : — (1) Redgram. blackgram, green- 
gram, gingelly, castor, gogu and cotton. The seeds’ of the 
different crops are generally mixed together and drilh^d or broad- 
casted. (2) On alluvial sods, cotton is commonly mixed with 
redgram, niai/e or sorghum. (H) Bairn is grown mixed with 
redgram in different lines. (A) Tn the coastal districts of North 
Madras, where rainfall is not a limiting factor, a large number 
of crops with a wide range of habits and duration such as rice, 
sorghum, redgram, ragi, gingelly, cotton, etc., are all sown at the 
same lime, but haiwested serially as each crop matures. 

Why certain crops are mixed in particular areas in definite 
pro|)ortions and wliut definite advanta^'es are there, could not be 
clearly explained in all cases. Some of the advantages attributed 
to the practice of mixed cropping are economics in cultivation and 
land, provision for the various domestic, needs of the cultivator, 
an insurance against uncertain weather, pests and diseases and 
complete failure of crops and maintenance of soil fertility. Mixed 
cropping trials have been made in various centres with tlu' sterl- 
ing of many Agricultural "Research Stations in the State, bat 
•ot pursued long enough to warrant definite conclusions being 
drawn. A summary of the trials made are given below and this 
may help in chalking out future work : — 

Coimbatore. — ^An attempt was made to grow ragi mixed 
with Cambodia cotton and this was given up as not being remu- 
nerative. Mixing pulses with both irrigated and dr%' sorghums 
depressed the straw yield and was not beneficial. Cotton was 
grown mixed with setaria, coriander and horsegram and setaria 
cotton mixture appeared the most suitable. Tn 'one set of trials 
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blackgram and horsegram sown mixed with cotton gave IMghlur 
monetary returns than pure crops. 

PaluT, — Eagi is planted in January and groundnut seeds 
are dibbled in the standing ragi crop in March in this tract. 
V'arious mixtures using ragi, cotton and groundnut m dilEi^ent 
combinations and sequences w'ere tried and noted to be not as 
good as ragi (January) plus groundnut (March) mixture. In 
another trial, cotton (January) plus groundnut (March) gave the 
best monetary returns, but the trial was confined to one year only 
and could not be continued. 

Tindivanam. — Castor, redgram, sorghum, cotton, setaria 
and bajra were grown separately and also mixed with groundnut, 
with a pure crop of groundnut by their side. Mixing other crops 
induced lankiness in groundnut and depressed its yields, biit gave 
larger monetary returns. Cotton, sorghum, castor and redgram 
were more suitable than others for mixing with groundnut. 

Koilpatti . — Short duration crops like blackgram, coriander 
and omum were grown mixed with cotton, in the same row as 
also between the cotton rows. There were not significant differ- 
ences in the yields of cotton under the several treatments. ^ 

Sorghum has been known all over the world to depress the 
yield of the crop that follows it. This is referred to as * sorghum- 
injur\ ’ or ‘ sorgliuni-cffect The other ci’op that also preceds 
cotton in tlie Koilpatti tract is bajra and it does not leave behind 
similar after-effects. Various pulses and legumes were attempted 
to be grown mixed with sorghum with the object of obliterating 
the sorghum-effect. It has been shown now that if 12 lb, of 
indigo seeds per acre are sown mixed wilii sorghum, the indigo 
plants that came up remain stunted till sorghum is harvested m 
February, and pull up thereafter. If indigo is ploughed into the 
soil in August, the succeeding crop is not depressed or affected by 
the previous sorghum crop. 

Guntur . — In a three-year trial where cotton was grown 
mixed with groundnut, seiaria and rice, the mixture gave a 
greater monetary return than pure cotton, and cotton-groundnut 
mixture was the most paying. Later the common mixtures of 
the locaEty, i.e., groundnut-redgram, groundnut -bajra, soi|[hum- 
redgram and 6a/ra-redgram and pure crops of groundnut, bajra 
and sorghum were compared. "During the first two years, the 
cereal yields remained at the ' same level whether grown in^ a 
pure state or in the mixtures and the yield of the associated 
pulse in the case of mixtures was en addition to tlie ryot. While 
the case of the groundnut mixtures, the , association of another 
crop pulled down the yield of the groundnut, when compared 
with the yield of the pure groundnut crop, during subaeqaent 
years, the results were not so clearly defined and in one of tiM 
years, the combination of groundnut with redgram gave the 
maximum money returns. 

Whei) chillies were grown pure and mixed with cotton, tlie 
mixture was the more advantageous, particularly in years 
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chillies were affected by thrips and leaf curl disease was induced 
in them. Mixing bengalgram with tobacco induced incidence ol 
gram pests on the tobacco crop also and the tabacco yields were 
affected considerably. 

Hagari , — Setaria and cotton are usually drilled alternatively 
with one row of cotton and two of setaria. A pure cotton crop 
gives as much in irione\ returns as a mixture of cotton-setaria 
but cotton-setaria mixture helps to reduce erosion in years of 
heavy rainfall. The American system advocates these mixed 
crops being grown in alternate strips as an erosion control 
measure. Alternating strips of A‘2 setaria rows and six cotton 
rows or of six setaria rows and three cotton rows did not appear to 
be so advantageous as two setaria row’s and one cotton row alternat- 
ing. In adverse years when the setaria crop fails, the cotton rows 
make good growth by utilizing the intervening space. This 
advantage is denied to the crops sowm in strips. 

The performances of mixed crojis at the various Agricultural 
Research Stations have oeen briefly reviewed. Studies have not 
been made long enough to provide authoritative guidance but 
some indications or trends have been noted. In the case of mixed 
cropping in vogue a long duration and a short duration crop are 
associated to obtain the best from an uncertain ramfall. In years 
of low rainfall a small return is had from the short duration crops. 
In years of well-distributed rainfall, the long duration crop gives 
a good return. Thus the system of mixing crops enables the 
cultivator to make the best use of an uncertain season, which 
could not be predicted at the time of sowing. Inclusion of a 
pulse crop in the mixture enables the soil nitrogen being main- 
tained without resorting to manuring and this is of value in dry 
districts where the returns from crops are low^ and reduction of 
expenditure in cultivation is all important. Lastly wdien pests 
and diseases appear, the entire crop is not spoilt as would be the 
case if pure crops are raised, as all the crops in the mixture are 
not subject to attack by the same pests and diseases. Risks of 
loss of crop are thus minimized. 

Agronomic problems of the Thungabhadra Irrigation Project . — 
In the chapters on “Soils and soil studies ” and on ‘ Irrga- 
tion * mention has already been made of the fundamental work 
on the black soil as a preliminary to the inauguration of the 
Tungabhadra Project. Laboratoiy^ examination of soil samples 
from the project area and the experiments conducted at the Agri- 
cultural Research Station, Siruguppa, had proved that the black 
soil was irrigable, and that there was no fear of the rise of soluble 
salts with the advent of irrigation. In this chapter, the agrono- 
mic practices that were experimented at Siruguppa, are given 
below. With a change-over from dry land to irrigation-agricul- 
ture, the results of these agronomic triak will be useful and 
valuable guidance for the ryots of the project area. 

Agfonomic studies . — The main lines of investigation made 
under this item were (a) studies on the effect of mere irrigation 
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and time of sowing, (b) manurial trials, (c) trial of crops and 
varieties suitable for the black soils under irrigation arid (d) 
studies on the duty of water. 

Studies of the effect of irrigation only. — The rainfed crops are 
not normally manured. The common crops, sorghum, setana, 
and cotton, were raised under irrigation accordingly without 
manuring. Yields improved slightly hut the increase was not 
appreciable. Irrigation alone did not help. 

Studies of the effect of time of mgr.— Crops were raised 

under irrigation without manuring, as before. The sowings were, 
however, done at different times. The effects of early sowing 
were clearly brought out, and the crops sown early did well and 
gave increased yields. This point was specially emphasized by 
the behaviour of four varieties of cotton in another series that 
were manured with groundnut cake and ammonium phosjdiate to 
supply nitrogen and phosphoric acid. Extremely high yields 
were obtained with August sowings. September sowings were 
badly affected by jassids and very low yields were obtained. That 
the time of sowing has a profound influence on the yield of crops 
was clearly brought out in these series of trials. 

Manurial trials. — Manures were applied to supply graded doses 
of nitrogen and phosphoric acid in several combinations to both 
irrigated sorghum and cotton. The manured plots gave high 
yields, increasing with the quantities of manures applied; tlur 
increases were steep and marked up to 8f) 1h. of nitrogen and 
40 lb. of phosphoric acid per acre. Economic increases of the 
yield of the tract was shown to he feasible by resorting to manur- 
ing combined with irrigation. 

Trial of the suitability of crops. — The crojis grown in the 
tract as well as others grown in South India were tried under 
irrigation. It was seen that a variety of crops could be profitably 
grown in the project area. Sorghum, setaria, groundnut, maize, 
ragi, and chillies came up well in the wungari season and cotton, 
wheat, maize and chillies in the hingnri season. They were all 
suitable for the tract. 

Studies on the duty of water. — The duty of water is taken 
to represent the number of acres of a crop that could bo success- 
fulfy raised with a constant flow of water of one cubic foot per 
second, flowing right through the period frpm sowing to harvest. 
The duty of water worked out for the project area for the various 
crops is given below : — 

- Averago of duty for five years, 

Name of crop. inclusiv e of rainfali. 

Mungdri sorghum . . . • . . 163") 

Hingdri cotton . . - . . . 265 j 

Ragi * 163 I Dry crops — Mean 

Wheat 234 f diity-^ 176. 

Setaria*, .. .. .. .. 103 | 

Groundnut . . 166 J 

Ttioo 60 \ Wet Imd or0pn~ 

Sugarcane 90 Mean duty~75. ' 
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Period of waiet’Supply , — Sri Thirumalai lyeugar, M.S. (1942) 
ui Ilia report ou tlie Tiiungabliadra Project low-level canal 
•cheme, has estimated the sui)ply oi water available tor irrigation, 
including evaporation losses as follows : — 


Months. 

Flow 

(ClWOOHj. 

( . FT. 

Juno — October 

1,800 

I8J>6J 

October — February 

1,8.0 

i8,G6J 

I’ebruary — ^Juue .. 

600 

0,221 

Total 

4,200 

43,547 


Nearly the same tigures have been adopted b\ Sri Kaghavan 
(1947) in his report on the levy of (compulsory water rates. On 
the assumption that water received from rams would supplement 
Sie requirements of the crops either for earlier* cultural opera- 
tions or for the completion of growlli and the iiiaturil\ of the 
crop, they have suggested supply of water to land lor four mouths 
’mly, first to one batch of lands irom June to September and 
men to another and different batcli ol lands from October to 
January to represent ^he mungari and hingari seasons, respectively. 
The area estimated to be brought under irrigation is. therefore, 
considerable, 

^ Since the tract is subject to fre<|Uent failure of rains, the idea 
of subjecting crops to depend on uncertain rams during one stage 
of their growth does not lit m logically with a schtane designpd 
for the successful and as>ured production ol cr(»ps in a tract noted 
for recurring and ptaaodic famines. As assured suppl\ of water 
right from the beginning to the final stages ot cro]) growth would 
appear to lx? essential, reslri(*ting water-supply to hmr months is 
beset with serious difficulties, which could he oxt u^ome onl\ h\ 
extending it to eight months m the year. 

It has been contemplated that water sliould he supplu'd to the 
mungari crops from June to September end. When water is ltd 
into the channel it will take m*)re than a fortmgln for the wat«'r 
to reach the tail end. Kxperience has .shown that cultivators 
start preparatory cultivation of land onl\ after receipt of water. 
The sowings will, therefore, naluralh extetul up to the miildle 
of July and the crops will be harvested up to the end of 0(*t<J)er 
and irrigation has to be provided till then for the tnungan crops. 

Regarding hijigari seasons, water is piogramim'd to he lei m 
from October. Trials have shown that (V)tton sown .n August 
and September give remunerative vields. while October sowings 
fail miserably. Water should, therefore', he made availabh' from 
Aumist onwards for the hingari crops, when crops like cotton, 
chiHieB, setaria-cotton mixture could be profitably cultivated.- 

If water-supply is made available for eight months from Tune, 
a variety of cropping would be possible and there would be con- 
fidirable freedom for the cultivator in the choice of crops and the 
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timo of sowing and these will be adjusted to his economic status* 
^he tract hae a thin population. The economic condition of the 
ryot is low, and the labour and Uvestock are in short supply. B 
is problematical whether -under these conditions the three lakhs 
of acres proposed could be brought under irrigation farming. 
On the other hand, if the water is supplied for eight months, and 
the area commanded is reduced proportionately, there may be a 
greater chance of reaching the revised target for irrigation farm- 
ing developing- in this tract. ^ 

Dry farming. — Dry farming is the system of cultivation in 
which crops are grown purely under rainfed conditions and is 
widely practised in large areas of the Madras State, especially in 
the Ceded districts. The average annual rainfall in the Bellary 
district is about 20 inches. More than half of this is received 
within a limited period of four to six weeks between September 
and October. The two mam hingari crojis, cotton and sorghum, 
have to depend for their growth on the moisture that is stored in 
the boil ill or about the sowing time which is usually September 
for cotton and October for sorghum. Eainfall during their period 
of growth is poor and uncertain. The effective rainfall for the 
growth of these crops is that received in fhe period Aiigusl (o 
October, the normal for the three months being 12 inches against 
an annual normal of 20 inches. The object of all dry-farming 
practices is, therefore, to conserie as much rainfall as possible 
and make it available for crop production. 'I'he investigations orj 
dry farming in the Madras State were taken up in the year 1931- 
35 with the assistance of the Imiierial (now Tndian) Council of 
Agricultural Research. The work done consisted of two definite 
.schemes representing two phases of the work. 

The Madras Dry Farming Scheme (1934-35 to j942-'13>.- - 
This is one of a group of Dry Farming schemes in India, sanc- 
tioned by the Indian Council of Agricultural Research, the other 
fhree stations being at (1) Sholapur and Bijapnr in Bombay, (2) 
Rdichur in Hyderabad (Deccan), and (3) liohtak in Punjab. In 
Madras the centre of work was at the Agricultural i^seaiub 
.Station, Hagan. The scheme was worked along co-ordinated 
i lies for a period of nine years. 

The Dry Farming Development Hesearch Scheme, Madna . — 
'J’liis scheme was in oiieration at Hagari fmm 1943—41 to 1947—18, 
lor a period of five years. It carried on the developmental aspect 
of the previous Dry Farming Research at Hagari. The improve- 
ments that came out from the first scheme were put to large-imld 
tr‘sts in the cultivators’ fields, round about Hagari to tert tlmir 
suitability for adoption by the cultivators. Investigations on 
Contour Bunding for the protection of the dry lands against soil 
erosion and conservation of soH moisture were undertaken dmdng 
this period. At the close of the scheme the final reoouunenda- 
tions were discussed with the District Agricultural Officers in 
charge of the four districts of the Dry Farming area, 
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Anantapur, Cuddapab and Kumool with regard to their adoption 
in the districta. 

Dkx Farming Trials (the Madras Db^ Farming BcHEMt. 

1934-43). 

Agronomical. 

Introduction . — In tlie tract represented by the Agricultural 
Kesearch Htatiou, Hagan, the soil is ol-the type known as black- 
ootton soil, black in colour and variable in depth from one to ten 
feet in different localities. During the dry weather, the soil 
ghfiplfa and becomes very hard on drying and deep extensive 
cracks are formed, going down to a depth of 3 feet and even 
more. These soils do not absorb ram-water freely and conse- 
quently much of the rain water is lost as run-off. However, the 
soils are able to retain the absorbed moisture for long periods. On 
this station, the soil varies in depth from 3 to 4 feet. The chief 
crops grown in the tract are : (1) setaria {kharif crop) and (9) 
cotton and sorghum (rabt crops). 

The annual rainfall of the tract is low and precarious; the 
avwage annual rainfall for the past 32 years is only 20 inches. 
Within the last 32 years there were twelve years when the 
rainfall was below 17 niches, which is generally the minimum 
required for crop production and crop failures have been occurring 
approximately once in three years. In the period of nine years 
from 1934-35 during which tlie Dry Farming scheme was being 
worked at Hagari, the rainfall ranged from 12 to inches and 
in four years the rainfall was 16 mches and below. The worst 
year was 1942-43, when the rainfall was only 12 mches and erops 
could not be sown at all. Even this meagre average annual 
ramfall of 20 inches is very often ill-distributed. The year’s 
rainfall can be divided into three main periods as below : — 

Hot weather rains ^February 1 to June 6). — The average 
rainfall received during this period is 4 inches. This is receiv^ 
mostly during late summer accompanied by thunder storms. This 
ram, although it makes up nearly one-mth of the total annual 
rainfall, is of very Uttle use agronomically as the moisture the 
soil gets from these rains is lost by evaporation by the time the 
main sowing rains are received. 

South-west monsoon (June 1 to September 26). — ^These 
four months, when south-west monsoon is active, form the period 
when the major portion of the rainfall for the year is received 
in this tract. The average of 32 years for this ^riod is 10 inches. 
The month of September is the wettest, receiving about 5 inches 
oi run. As a rule it is on the rains that fall during this period 
that the success of the cropping of the tract mostly depends. If 
good rains are received in Jime itself groundnut is sown. In the 
period' June-July, setaria is sown. If, however, sufficient sowing 
ifidns »re reOeiv^ only in July-August, setaria is sown mixed 
with cotton. Ckitton is sown in September and sorghum in 
OMtehith 

AM^—W 
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N.orth-easi monsoon (September 27 to imtwry dl}.-»'XlM 
period of .tfie north>ea8t monsoon receives an average ram&U of 
(j incfies. Of tins, the month ol October receives nearly 8 inobea 
and the rest is spread over the other months. These rams are 
also highly variable. In the case of both cotton and sorghom* 
good yields can be obtamed if adequate rains are received from 
July till the middle of October, hlot only the total rainfall 
received during the year hut also its proper , distribution within 
the season is very essential for raising crops succesrfuUy in this 
tract. The rainfall of the tract is limited in amount and very 
often unlavourable in distribution. Owing to the heavy nature 
oi the soil, rain water soaks m only slowly and since most of the 
rainfall is received m the form of heavy downpours during short 
periods between September and October, a large part of this ram 
water goes to waste as run off carrying with it large amounts of 
fertile surface soil. Thus, sheet erosion is a very widespread and 
constant feature of the tract after heavy rains. Frequent crop 
failures are the result oi all these adverse conditions. Agronomic 
research was started in 1934 at Hagari with a view to study the 
causes of such crop failures and as tar as possible to mitigate the 
severity of the famine by devising suitable agronomic methods* i 

The economic condition of the cultivator of this tract is very 
low. The lands are fairly rich but owing to poor rainfall the crop 
yields are poor and the profits obtained by cultivatmg them are 
also low. The chief food crops grown are setaria and sorghum. 
Cotton is the money crop. The average acre yields of these crops 
are 300 lb. of grain in setaria, 350 lb. in sorghum and 250 lb. in 
seed cotton. These yields are practically the lowest in the State. 
After deducting cost of cultivation, the farmer has in normal 
years a margin of profit of about ten rupees per acre of food crops 
and, rupees fifteen per acre of cotton. The land values are less 
than Bs. 100 per acre and land assessment varies from As. 8 
to Be. 1 per acre. With these low values as the economic backing 
of the cultivator, it is seen that he is not able to adopt any improve* 
ments which are costly. Therefore it was the chief aim of Bgr<mo* 
mic research work at this station to try and evolve only soi^ 
improved agricultural practices as would be within the means of 
the average cultivator. The agronomic problems tackled during 
the period of this scheme are dealt with below 

Bunding experiment . — ^The moisture required by crops is 
derived from the soil and in the case of diy land crops, tliis 
moisture is obtained only from the rains received. Therefore, al) 
the agricultural operations that help in the greater consnvatimi 
of moisture in the soil would tend to increase crop yidida. 
Amongst the various methods tried on fhe station to conserve' Ibo0 
moisture, bunding was found to be the cheapest and most efecH 
tive. The bunds were about 7 inches high and were icmoM 
by an implement 'known as the ‘ bund-former ’. This iiii|deinipl^ 
requires a pair of animals for traction Snd bunds md cross hai^^ 




Plate 106 . — A field \vorked by bund-former ithowing bunded compartments to hold rain water. 




Plate 10 7. — Firld ahoiving dammed funow'^ formed by Ba^w Linder, P. 858 
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can be iornied dividing tlie Held into a iiumbei: oi amail bunded 
compartments. With the help ol this implement 8 to 10 acres 
can be covered in a day. Including the labour required tor closing 
the-gaps at the junctions of the bunds, the cost ol bunding came 
to 4* to 4^ annas per acre, and did not exceed 6 annas even in 
years of heavy showers when the bunds got breached occasionally 
and had to be repaired from time to time. (Plate 106.) 

In the years when the rainfall was below the minimiun 
necessary for crop production, as well as m years of high raintall 
with a good distribution, the bunded plots did not show any 
definite superiority over the unbunded plots. It was m the years 
when the raintall was normal or deficient but not below the 
minimum level required lor crop production, that the bunds 
conferred the greatest benefit. When the yields of the bunded 
and unbunded plots over the whole period of e*ght years are taken 
into consideration, it is seen that on the average the bunded 
compartments gave Ks, 8-12-0 more net profit per acre per annum 
than the unbunded plots. Prom the results of these experiments, 
It can be stated that bunding the fields in the black soils of this 
tract is definitely advantageous. 

Amongst the four sizes of bunds tried, namely, 5 inches, 
7 inches, 12 inches and 18 inches high bunds, the 18 inches Ihgh 
bunds gave the highest gross income. The 5 inches and 7 inches 
high bunds were formed with bund-forniers and the 12 inches and 
18 inches high bunds were made with the relatively more costly 
manual labour. When the cost of treatment in each case was 
deducted from the gross income, the 7 inches high bunds gave 
the maximum net income. Hence this size is being recommended 
for adoption, on fairly level fields. With this size of the bunds, 
the most •convenient size of the individual bunded compartment 
was found to be 100 links stjuare, or 10 cents in area. In lands 
that slope to some extent the area of the bunded compartments 
can be reduced to 5 cents. 

Scooping trials . — Scoops are small shallow^ depressed |x>ckets 
formed in the field on the surface, by working the implement, 
l^sin Lister. (Plate 107.) A number of iron prongs, shaped like 
plough bodies more or less, are assembled on a rigid frame mounted 
on wheels. When tlie implement works, the prongs are alter- 
nately lifted and depressed by a cam arrangement. When the 
prongs are lifted, they do not make any marks on the soil and 
when depressed, furrows are formed, w^hich get closed at the ends 
when the prongs are lifted. Thus a series of small pockets are 
lormed along the course of the implement, which are only furrows 
broken by undisturbed soil along the course of the furrow. It is 
more costly to scoop the land than merely to bund it. For soils 
round abo^ Hagari, which are fairly level, bunding alone was 

as good as scooping for conserving rain water and scooping 
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in addition was found unnecessary. Bcoopmg would, however, be 
advantageous, where the land is sloping. ' 

Ploughing and bunding experiments. — ^In the soil mcdstore 
experiments which were m progress on the station for eight yeaxs 
from 1927 to 19^4, it was tound that the bunding and ploughing 
at intervals were beneficial to crQps. Trials were inade from 
193^37 to 194(M1 to assess the benefits of ploughing coupled 
with bunding. As ploughing is a costly operation, it was done 
once in two or four years. Though the ploughed and bonded plots 
were superior to the rest in certain trials, the net income drived 
after deducting the cost of the preparatory cultivation was nearly 
equal in all cases. There seems to be no need to deep plough the 
black soils unless they become foul with deep-rooted weeds. 

Trial of ploughing with a light iron plough. — ^As the cost of 
deep ploughmg these black soils is very high, experiments were 
conducted from 1939-40 to 1941-42, to see if hght ploughing 
every year or alternate year with a plough requiring only a single 
pair of animals would be beneficial for these soils. There were 
two sets each year, one under cotton and the other under sorghum. 
The experiment was in progress for three years. When the three 
years’ data were taken together, there were not significant diffw- 
ences between the treatments either with cotton or with sorghum, 
indicating that hght ploughing has no beneficial efiects on black 
soils of medium depth (3 to 4 feet deep; in this tract. 

Spacing experiments with sorghum and cotton. — ^In this 
tract sorghum, and cotton crops are sown with the same drill, 
having tynes 13^ inches apart. Sorghum is sown in all the rows 
whereas cotton is sown only in the alternate rows, with a spacing 
pi 13^ inches for sorghum and 27 inches for cotton. Experimente 
cpnducted with different spacings showed 18 inches spacing to 
be the optimum for sorghum and 36 inches for cotton. As sotghum 
and cotton can be sown at the optimum spacing with the same 
18 inches drill, these spacings are being advocated to the cultivaknrs 
for general adoption. 

Interculture experiments on sorghum and cotton. — The 
number of intercoltures usually given to sorghum and cotton in 
this tract are two and three respectively. Experiments were 
conducted from 1936-37 to 1939-40 to see if these could be varied 
with benefit to the crops. Two to five mter cultures for sorghum 
and three to six intercultares' for cotton were tried and these were 
compared with ' weeding alone (hand weeding) ’ and ‘ no inter* 
cultures and no weeding ’ as the control. When the four ya^* 
data were analysed it was found that (1) when the dry weaihttr set 
in early, larger number of intercultures were beneficial, but when 
wet weather continued for a longer period, it did not result fat 
greater benefit ; (2) weeding by itself was as good as mtereiffti* 
vation ; (3) on the average no intereulture and no weeffihg piftti 
were the poorest owing to the presence of weeds. Thfai was 
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clear in the case of cotton bat not so clear in the case of sorghom; 
(4) the main benefit derived from intercultivation seemed to be the 
removal of weeds. Hand weeding is costly and the cheapest way 
dt removing weeds is to interculture as often as necessary. 

The cultivators’ practice of giving two intercultures to 
sorghum and three to cotton seems to be quite sound. No hard* 
and-fast rule could be laid with regard to the minimum number of 
iiitercaltares as it depends upon the seasonal conditions of the 
year. Keeping the basic number of two intercultures for sorghum 
Mid three for cotton, it may be necessary to give one or two more 
intercultures if the fields should become foul with weeds owing to 
rains received after sowing. 

Strip-cropping experiments — (a) Strip-cropping with setaria 
and cotton . — sowing rains are received in August the culti- 
vators in-this tract sow mixtures of setaria and cotton. The 
usual practice is to sow the two crops in alternate rows or two rows 
of setaria alternating with one row of cotton. Setaria, being a 
quick growing crop, utilizes the moisture and nutrients quickly to 
the detriment of the slow growing cotton. To eliminate this com- 
petition the sowing of setaria and cotton in strips in the propor- 
tions of 1 : 1, 2 : 1, 6 : 3, 12 : 6 and 3 : 2 were fried. The 
results were not conclusive. 

(h) Strip-cropping with setaria and groundnut . — ^In this 
tract hharif grains are very uncertain and kharif crops sown in this 
season are setaria and groundnut. The former is a short dura- 
tion crop and the latter is a long duration one. These two crops 
are usually sown pure in separate fields. In years of poor rainfall 
groundnut with its long duration suffers more. The two crops 
were sown in alternating strips in the same' field, to get over these 
disabilities. The strips were found to he only intermediate in 
Enoney value of produce between pure crops of setaria and ground- 
nut indicating that there was no advantage in sowing the crops in 
alternating strips instead of as pure crops in separate fields, in 
the black soil areas of this tract. 

Fallowing experiment . — ^Preliminary experiments conducted 
on the station for four years from 1934-36 showed that in the year 
of cropping, plots fallowed in alternate years gave nearly double 
the 3wlds of plots sown every year with sorghum. As sorghum 
and cotton are grown in alternate vears in this tract, a' more elabo- 
rate experiment was started in 1936-37 to see whether fallowing 
once in two or three years would fit into the rotation of this tract. 
The experiment was in progress for six years. When the econo- 
mics of the treatment were worked out it was seen that the average 
value of produce per acre per season from the treatment ** Cropp^ 
evwty year ” was greater than that from the treatments '* fallowed 
once in two or three years ". Under the existing svstem of 
growing soeghum sad cotton in this tract in rotation, fallowing is 



MBMOIBS OF mB DilPABTlitBNT OF AOBICUSiTUBd, ICMMIMI 

1 ;.: . .'..’Monufial ea^erimmts — Comparison of farm yard manura 
<md compost prepared by the Indore ‘ rain water method — I'anqa 
yard manure and compost were compared by applying them to 
setaiia and sorghum on an equal nitrc^en basis to supply 50 lb. of 
nitrogen per acre, over several seasons. The results were not 
consistent. In general, farm yard manure was found to be more 
beneficial than compost. The good effects of manuring wwe felt 
in years when the rainfall and its distribution were satisfactory. 
The duration of the residual effects of manures ranged from 8 
to 6 years. In years of poor rainfall the residual^ effeets were 
not felt and the intervention of such years prolonged the duration 
of the residual effects. With regard to the actual profits obtained 
by manuring, it mainly depended upon the quantity of manure 
applied. 

Optimum dose of farm yard manure. — Since the quantity of 
cattle manure available in this tract is limited due to the low 
cattle population, experiments were undertaken to determine the 
optimum dose of farm yard manure. A small dose like 8,000 lb. of 
farm yard manure per acre was ineffective. Doses of 5,000, 
7,000 and 9,000 lb. of farm yard manure were equally effective. 
On the whole it may be said that a net profit of Es. 2.8-0 per 
acre (after deducting the cost of manure) would accrue, if the lands 
are manured at the rate of 6,000 lb. of farm yard manure per acre. 
The problem of manuring in this tract is mainly a question of its 
availability. The quantity of manure that is produced is sufficient 
to manure only a small portion of any holding. Therefore, it can- 
not be advised that manuring at a particular dose should be adopted 
for all the lands that a cultivator holds. It is a question of how 
much land can be manured in a holding with the limited quantity 
of manure that is produced. A cultivator owning a pair of work 
animals along with a cow or a she-buffalo will be able to produce 
yearly cattle manure 'which will only be sufficient to manure about 
one acre. As the residual beneficial effects of manure peraist for 
some time depending upon the nature of subsequent seasons, it 
will not be necessary to manure the same land every year. The 
cultivator of this tract ^can therefore be advised to manute his 
fields at the rate of 5 or 6 cart-loads of cattle manure per aore, 
once in 8 or 4 years. 

Complex experiments with bunding, manuring emd faHlow- 
ina. — ^In the agronomic experiments, bunding, manuring and 
fallowing, individually gave increased yields. A complex experi- 
ment was started -in 1940-41 combining ail the improvements. 
Fallowing proved to be an indefinite treatment and in combinatkm 
with other treatments, it did not furnish conclusive results. 

Large-scale trial at -Improved dry fatiniiig fwao-, 

tlces evolved from the experiments on ^e station were put ' to a 
field ecale trial in 1941-42 in cuitivstors' fields at dk^adanni* a 
village 5 miles from the farm. Twenty amres^^eee*: ligilli 
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ific^|K)ived,metbodB and five acnes under cultivators’ methods as 
control as noted below 

Experimental Area. 

1, Bunding (Seven inches high bonds by the bund former). 

2. Spacing for cotton 36 inches. 

8. Spacing for sorghum 18 inches. 

4. M. 47-3 sorghum strain. 

6. Fallow in alternate years in three acres. 

Control Area. 

1. No bunding. 

2. Spacing for cotton 27 inches. 

8. Spacing for sorghum 13| inches. 

4 . Type T-1 sorghum. 

6. No fallow. 

Cotton and sorghum were each sown in seven and half acres 
in the experimental area and in two and half acres in the control 
area in 1941-42. Due to the failure of rains no crops could be 
sown in 1942-43. Taking the data gathered in 1941-42, into 
consideration, it was found that in the case of cotton the extra 
cost of cultivation per acre due to the adoption of the improvements 
was Be. 1-0-9. The increased profits per acre owing to the adop- 
tion of the improvements was Rs. 5-1-11 over and above the 
control. In the case of sorghum which was adversely affected 
during the year, the net profit per acre owing to the improved 
methods came to Rs. 1-11-3 per acre. These trials indicated that 
it may be profitable to adopt these improvements in these tracts. 
Three acres ’were left fallow in 1941-42 to be sown next year to 
assess the value of fallowing. But owing to the failure of rains no 
crops could be sown in 1942-43 and this aspect of the problem 
could not be pursued. 

Crop improvement . — Tvpe 1 strain sorghum has been under 
distribution since 1918. Six types of sorghum from Bombay 
kept under observation at the station from 1934-35 were earlier 
than the local types by about 15 days. They were found to yield 
some grain even in years of deficient rainfall, when the local types 
completely failed. Amongst these, strain M47-3 was found to 
yield the highest average grain yield besides giving fair rields of 
straw as well. From 1939-40 onwards this strain vvas issued to 
the cultivators in large quantities for extending the area under the 
strain. 

The local types of sorghum failed in years of deficient rain- 
figdl on aceonnt of their long duration. The cultivators did not 
tal» i^ndlv tto the Bombay ^rain M .47-8 as its panicles are loose. 
Ttwigr pr^er compact panicles. The evolution of short duration 
tiyfjis, oopp^ panicles, by hybridixation is under way. 
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' Sorgiton-is Bown in October, towards tiae <do8e cS the nioy 
season and the choice of a variety suitable for the moisture eoa^ 
ditions prevailing in the soil is rendered easy. In years of go<^ 
rainfall, HI or the local long duration type could be sown and in 
seasons of low rainfall. M 47-3 the short Bombay ty^ could be 
sown. Both HI and M47<'3 give nearly the same grain yields in 
normal years, but HI with its taller habit gives more straw and' 
the production of sufficient straw is also a consideration with tire 
cultivators of this region. HI does not set grains in years of low 
rainfall and gives only straw, while the shorter duration M47-8 
successfully produces grain also. Since the seed rate of tiie eit^ 
is low, being only four to six lb. per acre, sufficient seed of both 
the varieties could be preserved and the appropriate variety chosen 
for sowing at the time without any difficulty. In Setaria, as a 
result of pure line work two selections K23 and K68 were evolved. 
K23 is suitable for a variety of soils ranging from sandy to deep 
black soils ; yields mpre than 10 per cent over the cultivators’ seed, 
and is earlier by a fortnight. For deeper soils and tracts of higher 
rainfall Kf>8 is more suitable, being earlier than even K23 by 
aliout a week. The area under these strains is being yearly exten- 
ded by raising seed farms and supplying large quantities of pure 
seed to the cultivators. 

Studies on th* root system of crops. — ^In this tract of low 
and uncertain rainfall, it is necessary that only such varieties of 
crops are chosen as are able to utilise the limited moisture supply in 
the soil to the utmost. Since the root system is all important in 
absorption of moisture and nutrients from the soils, root studies 
were made to assess which of the various agronomic operatiims had 
the maximum effect on the root development of the different crops 
raised in the tract. 

General d0erences between the root systems of different 
crop plants. — The main crops grown here are setaria, sorghum 
and cotton. The root system of both setaria and sorghum is of 
the fibrous, adventitious type. The roots in setaria are thinner and 
finer and are profusely branched. The dry weight of shoots in 
setaria is greater than that of the roots. The maximum lateral 
^read and vertical penetration of roots were less in setaria than in 
sorghum, in consonance with the smaller size of the shoot system 
of setaria. In cotton, the root system consists of a thick tap root 
which penetrates almost vertically .downwards to nearly 40 inches 
and give off lateral branches at various levels along its length. 
The branching and ramifications.,Are less profuse than in setaria or 
in sorghum. 

Differences between, varieties of same crop plants — Setaria.'-^ 
Strain K-23 has been the standard strain of the station since 
17 is about 100 days in dtxration and is characterized hy 'profi«ris 
tillering, thin clums and numerous compact, pencil-likq putiolfiik 
KlOi was chosen as an entirely disshnilar type, with only onn or 
two tilleri, ^out clums and large loose panicles to see the diffleroKOSo 
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bcitween the root systems of two such dissimilar types. K191 does 
Bot come up well as a rainfed crop but thrives well under irrigation. 
The study of the root system revealed that except in the early 
seeing stage when K191 showed a somewhat quicker root develop- 
ment, K23 was found to be superior in all respects, in the total 
number and length of roots, the maximum vertical penetration and 
lateral spread. This difference in root development explains why 
the strain K23 is able to thrive much better than K191 as a rainfed 
crop in this semi-arid tract. The latter, on account of a relatively 
.quicker root development in the earlier stages, is better suited for 
irrigsted conditions,' where high seed rate is used and an adequate 
supply of moisture is assured. 

Sorghum. — ^Boot studies were made on two local types of 
sorghum T1 and T12 and six short duration types from the Bombay 
State. It was observed that the Bombay t\q)es put forth a large 
number of roots in the early stages as compared to the local typCs. 
They had also a greater lateral spread and deeper vertical penetra- 
tion of roots. Owing to this development of a quicker and a more 
efficient root system , the Bombay types have been able to withstand 
drought better than the local varieties. 

Relative growth rates of shoot and root (Setaria). — ^From a 
study of the relative growth rates of root and shoot at different 
stages in the plants’ life it was found that at each stage there is 
first an elaboration of the root svstem and only after this absor])tive 
equipment is well secured is there any further elaboration of the 
shoot system. This alternation of growth in root and shoot seems 
to indicate a balance in the development of the underground and 
overground parts, which serves to insure the plant against drought. 

The effect of agricultural operations and manuring on root 
development of crops — Bunding . — The effect of bunding upon 'he 
root development of crop has been one of general increase both in 
latera^ spread and in vertical penetration. This improvement was 
evident both in sorghum and cotton, from the earliest up to the 
adult stage. In years of poor rainfall, the total root development, 
both in bunded and non-bunded plots, was less than in good 
seasons, but the difference in root development between bunded 
and non-bunded slopes was more marked in seasons of deficient 
rainfidl. 

Effect of fallowing. — Both cotton and sorghum have dis- 
tinctly better root development when grown on land that was left 
faUow the previous seasons. The increases in soil volume of root 
spread were also of the same order as the increases observed in the 
final yields in cotton and in sorghum. Plants in fallowed plots 
W«» ifitorler in the earlv stages because most of energv seems to 
he ex^^wded in elaborating a root system that was larger than in 
in ‘ cropped ’ plots. Later on, after this root svstem is 
inR eetabliidied, the riioot also increases in height and ultimately 
fMnrs iriSer tihsn the ifimts in ' cropped ' plots. 
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Effect of manuring. — ^When applied to setaria on basis pf 
^ lb. of nitrogen per acre, both compost and farm yard mannrs 
were found to promote a better growth than ‘ No manure 
Manured plants were also found to utilize the water absorbed tome 
efficiently than plants that received no manure. Between oompoat 
and farm yard manure, the latter was slightly supeiicnr. fiocd 
development was marked with increasing doses of farm yard 
manure. 

Boot studies on crop matures — Setaria and cotton misture.— 
When grown as a mixed crop, the root systems of both cotton a^ 
setaria feed in the same zones of soil. This results in a severe 
competition for water and nutrients. In this competition the 
quicker growing setaria depletes the soil moisture to such an extent 
that the cottoft plant almost invariably gets badly stunted in growth 
unless good rains are received after the harvest of setaria. This 
does not often happen. This competition and etunt^g effecjli 
could be remedied by growing the two crops in alternating strips. 
Sorghum and bengalgram. Here, too, root studies disclosed the 
fact that both the crops feed in the same soil zone. Boot competi- 
tion is naturally" very severe between the two crops. Bengalgram 
being shorter in duration grows more rapidly and depletes the soil 
moisture so rapidly that the sorghum crop gets badly stunted. The 
mixture is hence, one that cannot be recommended for general 
practice. Setaria and groundnut. — This is a good combination 
because groundnut is a shallow feeder, while setaria is able to 
utilize the moisture from deeper layers of the soil. With this 
combination, root competition is avoided and both the components 
of the mixture are able to grow almost as well as if they were pure 
crops. 

Studies on the relative efficiency of crop plants in checking 
soil erosion. — Soil erosion is a serious problem in the heavy Uaok 
soils of this tract, and since the main controllable factor in checking 
erosion is the presence of an adequate plant cover, erosion studies 
were made at Hagari with the object of determining the rhla^ve 
anti-erosive efficiencies of the crops and crop mixtures commonly 
grown in this tract. The method consisted in washing a definite 
volume of undisturbed soil, taken out in a woo'den tray under 
various types of plant cover, with a steady spray of water and 
noting the time taken to erode the soil completely. The time 
required to erode bare soil . taken from the , same field in one of 
these wooden frames was taken as unity, for comparison in working 
out the relative anti-erosive efficiencies of different crops. • A wide 
range of efficiency was observed to exist between the various (Wops 
grown in this tract. Cotton afforded vety little protection and WM 
hardly better than bare soil; Setaria had an anti-erosive ratio 
nearlv. S ; 0 in the seedling stage which increased to 4 : X wlMil| 
the plants were about three months old. Groundnut, espeehi^ 
the spreading varietv. was equally efficient, with on wti-otfieNia 
ratio (ff 4 : 6. Tn crop mixtures, a.iuixtmfe of setaria end ooltott 
had an ahti-erosive valne midway between those of the't#o»|n|| 
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crops. A mixture of setaria and groundnut had a higher efficiency 
than the pure crops individually. 

, Studies in the formation of hard layer in black soils.— A b a 
natural result of loss of moisture from the soil during the dry 
weather after the close of the north-east monsoon, the heavy black 
soils of this tract develop a hard impenetrable layer some six to 
nine inches thick, below the top two to three inches of loose earth. 
This layer is so hard that it prevents the penetration of roots and 
strangulates the roots that have already pierced it, and thus affects 
adversely the growth of the crop. An experiment was laid down 
in 193&^ to ascertain how far simple agronomic operations like 

E loughing and manuring influenced the development of this hard 
lyer. The results seemed to indicate that manuring with farm 
yard manure at .9,000 lb. per acre, as well as ploughing to a depth 
of four inches were helpful in delaying by about a fortnight, the 
full development of the hard layer. 

Incidence of earless plants in sorghum. — It is very common 
in this tract to find fully developed sorghum plants without earheads. 
Agronomic practices like bunding, scooping, fallowing, etc., which 
conserve more moisture in the soil tended to reduce the proportion 
of earless plants. 

Dry Farming DeveijOpmentat. "RESEARrH Scheme, Madras 
(1943-44 TO 1947-48). 

The scheme of the Dry Farming Developmental Research was 
In operation over a period of five years from 1st July, 1943. 

Objects of the scheme. — This scheme was intended to carry 
on the developmental aspect of the previous Dr\’ Fanning 
Research at Hagari which was in progress from 1934 to 1943. 
Certain Dry Farming improvements, like bundformer bunding, 
wide spacing, new drought resistant strains etc., were noted to 
be beneficial under the controlled conditions and in small plots 
obtoining in a Government farm. The developmental stage 
succeeded the research stage in July 1943 and continued for five 
years in the fields of the cultivators near the Hagari Farm. The 
object of this work was to try out the improved Dry Farming 
practices on a large scale on the cultivators fields to give them the- 
opportunity to see for themselves under their own conditions of 
soil and cultivation, the value of the improved practices. The 
work was done bv the cultivators themselves, by their own cattle 
in their own fields. No financial help was given to them by 
Government in the matter of cultivation expenses. Permanent' 
and temporarv bunds were put up at Government expense and the 
improved cultivation as suggested bv the scheme staff was under- 
tdeen by the cultivators themselves at their own expense. 
Bowing, weeding, harvests were all done by them; An area of 
iOO ■erea was chosen near the farm involving about 25 cultivators. 
’At 'the end of each year all the cultivators were met at an informal 
noularence by &e staff and the results of work in their fields were 
dhmly *^08 for five years, intimate relationdiip wm 
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^ SS^Iishsd between the Departmental staff and the cultivators 
with a free exchange of views on all items of work, and the oon> 
sidored views of the Besearch workers on the various improvemente. 
were amply' corroborated. 

Contour embankments . — During this period it was noted that 
field embankments helped to conserve rainwater and check soil 
erosion, < resulting in increased yields and improvements of the 
yield. While forming small compartments with bunds made with 
the bundformer is generally effective for lands with a slope of less 
than five per cent, it is unsuitable for lands with greater slopes. 
Contour embankments are effective for slopes greater than five per 
cent. Levels are taken and points of the same level are connected 
by embankments 11 feet wide at the bottom, three feet wide at 
the top and two and half feet high. As large quantities of water 
collect at the lower end of the fields near the embankments, the 
bunds are subject to great strain and provision is made for draining 
the excess water through four to six inch pipes laid throi^h the 
bund six inches above the level of the land at suitable points. As 
a further safeguard, cross bunds are also provided to break the 
continuity of the large stretches of water spread. Laying the 
embankments strictly on the contour, that is on the points with 
the same level, tends to cut up the existing holdings into incon- 
venient bits and the bunds are smoothened so as to conform to the 
existing boundaries of fields, when they are within a maximum 
of 100 feet of the contour line already marked. This is offered 
as a practical solution compromising the theoretical alignment of 
the bunds with the existing alignment of the land into fields, 
owned by different people. This may be called the ‘ Hagari 
Bunding 

' The earth required for the formation of the bund is taken 
from the down stream aide of the bund, at least ten feet away 
from the bund, for giving the necessary stability to the bond. 
The downstream side is the highest point of the field and water 
collecting in the burrowed pits easily seep to lower levels and the 
lands gets dry and ready for cultivation easily. When however 
the earth is taken from the upstream side, it leads to <^ronic 
^water stagnation in the pits formed, as it is the lowest point- 
the field from which water could not move down to any lower 
level. 

These embankments serve to keep the .rainwater fallen on the 
land itself, except when there are heavy downpours in quick, 
succession. The water seeps into the soil in course of time add 
water is thereby conserved. The erosion of the soil is also pre* 
Rented as violent and fast movement of sheets of water is effeotiveljr 
prevented by the provision of bunds. In course of time, it may 
be expected that the soil would be moved from the higher t6 the 
lower levels of the field, bringing about at least a sli^t rednetim 
of the elope. 

Eastension work.— To empower the Department to tdM 
land improviBment work such ae contour bunding, oemtoer t iwe t k 
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ingi gBlly-plugging, terracing ^tc., in private lands, Government 
have already taken necessary legislative measures. The Madras 
Land Improvement Schemes (Contour Bunding and Contour 
Trenching) Act 1949 has been passed and this empowers the 
Agricultural Department to take up land improvement schemes 
in private lands and recover the entire cost or a portion thereof 
from the land owners in suitable 'instalments. Provision is also 
made in the Act for hearing objections, if any, from the land 
owners for consideration. 

Government have sanctioned the scheme for the Ceded districts 
and work is started in three centres viz., Hagan, Allur, in Bellary 
district and Guntakal in Anantapur district. 

Euectbo Cultdee. 

Dr. 8. S. Nehru, I.C.S., in Manipuri, Uttar Pradesh and Col. 
Keel, in Peshawar, North West Frontier Province, noted that 
q>arl^g plants with a car magneto and covering the stems with 
old iron wire netting induced vigour in plants in a remarkable 
manner. Sprinkling water sparked with magneto was claimed to 
rid plants of the insects affecting them. The Cotton Specialist 
was deputed to Uttar Pradesh to study these electro cultural 
treatments in 1938. During his study tour, he saw remarkable 
effects of electro-cultural treatments in certain cases and recom- 
mended that the effects of electro-cultural applications on crop 
plants may be usefully studied at the various Agricultural Stations 
in the State. 

Accordingly experiments were conducted during 1938-39 and 
1939—40 for a period of 20 months by several officers of the Depart- 
ment at the various Agricultural Research and Breeding Stations, 
Anakapalle, Maruteru, Koduru, Hagari, Tindivanam, Palur, 
Aduthurai, Koilpatti, Coimbatore and Pattambi, with the object 
of studying the extent of improvement that could be effected on 
crops, trees, and cattle by means of electro-cultural methods. 
Bice, Togi, sorghum, hajra, setaria, cotton, groundnut, sugarcane, 
knol-knol, tomatoes, plantains, acid limes and mangoes were the 
several crops on which the experiments were conducted. Care 
was taken in all cases to maintain suitable controls and replications 
such that the data could be analysed and interpreted statistically. 
Ifi the (^se of crops, the treatments consisted of sparking the se^ 
dry, soaking the unsparked seed in sparked water for different 
periods, soaking sparked seed in sparked water, sparking germi- 
nating seeds, spraying sparked water on seedlings and irrigating the 
plants witii sparked water. Obs^ations were made on germi- 
nating capacity, height, number of tillers, size of grains and the 
genem appearance of the treated and untreated crops. Finally, 
tihesr yielw were compared- On the whole there were ' 18 seed 
treatments on rice, 26 on millets, 16 on cotton and 9 on groEndnut 
.in 1988-38. No beneficial effects were observe in general. Onty 
ih two oases of rice was there signiffcant improvement in yield and 
in o&ers the differences were within the limits of normal variation. 
The effsdt of inigatkm with spaced water was tested on .iioe, 
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cotton ' and millets. Bice was also irrigated with sparked water; 
In none of thejse trials, reliable increase in yield was noted. In 
a small area looping a continuous iron wn:e around each rice 
plant and sparking tbe loops were tried at Maruteru. This would 
correspond to. the jacketing of tree stems with old iron wire 
nettmg. There was a distinct increase (five per cent) in the yield 
<rf paddy. It should, however, be pointed out that an acre ot 
rice would contain aliout two lakhs of plants (excluding tillers) 
and the cost of looping with iron wire would be prohibitive when 
compared with the value of five per cent increase in the resulting 
yield. It was, therefore, concluded that electro-cultural trMt- 
nients would not generally improve the yield of agricultural crops, 
that the increases sometimes observed would have to be taken as 
normal variations engendered by the changes in the seasons and 
soil fertility and not by the treatments. With regard to their 
effects on trees the results secm’ed at six research stations showed 
that only m two cases were there definite responses. In some 
cases stimulation of early growth was reported while in others no 
difference between the jacketed and unjacketed trees was recorded. 
Again in one set of cfiinee trees grown at Kodor Farm distinct 
increas/! in girth was noticed due to jacketing while m another 
set, the increase in girth was greater in the unjacketed control. 
The general trend in most of the experiments was towards the 
futility of the treatments. 

The single experiment that had been carried out on cattle was 
not encouraging. The trials made by the Government Entomo- 
logist, on 20 kinds of insects did not produce useful results. Out 
of 271 cases of trial, only in nine, the responses were distinctly 
better than those of the untreated controls. When the experi- 
ments were repeated the same result were not obtained. In only 
four trials out of 210 seed treatments tried, were the responses 
beneficial. Looping wire round the paddy plant and sparking the 
iron wire gave consistently better ‘results during two successive 
seasons. This treatment can, therefore, be taken as one which 
can be depended on to give increased yields in rice, but not 
practicable. 

The experiments od electro-culture were discontinued in 1940, 
in ^ew of the fact t^t none of the treatments produced dii^iiic- 
tive improvements iii yields of cultivated crops consistently. 

During 1949, a Special Officer was appointed for conducting 
electro-crdture experiments. He conducted experiments for a 
period of six months from February to August 1949 on cropt 
grown at the Bice Besearch Station, Tirurkuppam and the 
Government House Vegetable Fann, Mount Boad, Madras, 
experiments on ‘ sparkmg ’ and ‘ jacketing etc., were dooa ok 
vegetables at Madras and on ri(» and fruits at Timrlrappain. 
There were again no consistmit differences between th treatM and 
untreated crops. Electro-cuHure df crops was, therefore, dhMCHii 
imp^t^oable, and further trials were not tak«a op. 



chapter 20. 

CHEMICAL EESEAliCH. 

Tbe ebemJstijr of sugarcane— Ji^ry quality and factors affecting 
— coednut Jaggery improvement in quality— Studies on rice— quality, 
starel 4 cooking tests and nutritive value— Studies on potato, food 
Vklwe, deterioration on storage and black heart disease— Tobacco, 
Jaftaa and Indian types, chewing types, factors affecting nicotine 
eontent— studies on quality in colfee— Chemical studies on banana, 
flneap^, sweet potato, beet-root, fodder grasses and coriander— 
nie preservation of ginger and cashewnut— The viability of Koiinji 
seeds— Inq^rovement of marginal lands— studies on rubber from 
eryplostegla vine — ^The proteins of groundnut— The chemistry of 
fi^ddes— l4U»oratory investigations on the preparation of malt 
and malt products from Indian cereals, infant and invalid foods, 
beverages— By-products from milk, cheese, casein— Activated carbon 
from paddy husk, and its use as a clarifying agent— Agar-agar from 
spa weed— vegetable milk from oil-seeds and pulses. 

Plant Physiolc^y.— Vernalisation— Pre-treatment of seeds by 
soaking in phosphate solutions — ^Trace -elements — Weeds and tlwir 
control, hormones. 

Bacteriology. — Solubilisation of Triehy phosphate— Isolation and 
study of sulphur oxidising bacteria — nitrogen fixation by non-symbio- 
tie bacteria — Groundnut nodule organisms — Legume studies — Cross 
Inoculation — Factors governing nodule formation and nitrogen 
fixation — ^Photo nitrification — ^Associated growth of legumes and 
eereabi— Fermentation of molasses to power alcohol — ^Manuriiu; and 
mtero-Uoiogical flora — ^Examination of soils for algse and protoxoa— 
Stodl^on milk baeterlology. 

The Agricultural Chemist’s sectiou was started m 1906 and in 
Common with similar sections elsewhere, its main function 
originally was the elucidation of problems on th^ chemistry of 
soils, manures, foodstuffs and agricultural products and processes. 
Scene of the major problems studied in the section have heen 
detailed elsewhere in the chapters on " Soils ” irrigation ” and 
“ Knteition In addition to these major problems, a number 
of other investigations has been carried out. As s(Hue of them 
have yielded important and valuable results, they are mentioned 
in this chapter. 

Studies on the chemistry of the sugarcane^(a) Top-bottom 
Many items of research in the section have centred round 
^ sugarowne. One of the first problems studied was the 
cdMoiistry oi sugar formation in the crop during growth and to 
find fhpt stage in its maturity at which it should be hairested to 
0m. awaimum retmm to the grower. Tbe sugar content of tile 
was ctoftennined at vanous stages. The results indicated that 
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th« cane ripens joint by joint and that at the time of matority 
the sugar contents of the top and bottom halves are {Hraotioally 
the same. Based on this result a method easy of adoption by the 
ryot WM evolved to judge the maturity of the cane and to harvest 
it at its maximum content of sucros. This is because (tftfflr 
maturity is raclied there is reversion of sucrose and keeping the 
cane longor in the field will yield a diminished return.. The 
method evolved was as follows. A few canes selected at random 
fhtm the field are out into exactly two halves at the middle and 
(die juice extracted from the two portions sepu«tdy. A Brix 
hydrometer gives the total solids in the juices of the tep aad 
bottom halves and from these the top-bottom ratio of the toM 
solids is calculated. In the early mouths, this ratio will be mudh 
smaller than unity and as the cane ripens the ratio will go on 
approaching unity and after maturity is reached, will start falling 
again. The nearer, therefore, the top-bottom ratio is to unity, 
the more mature is the sugarcane. This criterion has be«a used 
not only on Government Farms but also by many ryote to judge 
wh6t|ier the cane crop is ready for harvest. Becent work in the 
section has shown that this ratio is not a very rehable standard 
for purposes of accurate field experiments. A low glucose content 
and a low nitrogen content of the juice are better criteria for 
judging the ripeness of the cane. The advantage, however, of 
the top-bottom ratio is that it can be determined by any ryot 
equipped with merely a Brix hydrometer. On the other hand, 
the estimatiofi of glucose and nitrogen in the juice requires 
laboratory facilities and the services of an analytical chemist. 

(b) Arrowing . — There is a general lielief that a>rrowing 
(flowering) in sugarcane leads to a deterioration of juice quality. 
The experiments on this aspect have shown that arrowing ja 
accompanied by an increase in the purity of the juice', but ie set 
back by an increase in crude fibre content and by a d^ease in 
tonnage and extraction percentage. Geoemlly the results have 
indicated that arrowing is not a serious handicap unless the oaoe 
crop is left standing for a long time on the field. 

(c) Nitrogm content and jaggery colour . — Studies on the 
colour of jaggery obtained from sugarcane included the examiua* 
ti<m ol the juiee for the various constituents that might imfiiet 
colour. It was seen that a juice with a high nitrogen content 
gives a jaggery of poor colour even wh^ filtered through active 
carbon. It appealed that the presence of appreciable amounts of 
amino-nitrogen in the juice responsible .for the developmeiit of 
colour during the boilii^ ctf the juice. 

(d) Factors affecting jaggery quality . — Studies on the ^tadMgr 
jaggery and the factors ref^ponsible have received mnoh SHIP' 

tkm. The problems was first taken up to improve the ^0*1% 
jugg^ produced in and around Kamph, Soqpet taliilci^'iiriMib 
the jagg^ produced is very biadE and does not 
Btves^atiiais showed that tiie defeeta of tlie Ibeol 
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(i) the oattiag of the canes before they are sufficiently ripe, (2) 
large capacity of the pans, (3) charging the pans with more 
ieiee as the contents boil down, (4) the non-removal of scum, 
(IS) overliming, and (6) want of care and cleanliness in the manu- 
ffictore. Apart from these obvious defects which could be rectified 
by propaganda it was also seen that variety, soil and nature of 
irxigalmn water were . also factors affecting jaggery quality. 

. (c) Irrigation water and quality of juice and jaggery . — ^As 
a matter of fact, the study on the effect of irrigation water was 
suggested by the observation that canes grown in the wet lands 
of the Central Farm (under tank irrigation) yielded good jaggery 
with light coloui' whereas the same variety raised on a field irri- 
gated with brackish water from a -well produced at best only 
a brown-coloured jaggery in spite of all the care taken during filtra- 
tion of the juice. Pot expeiiments with and without manure 
were laid out to study this problem, using rain water, tap water 
containing 150 parts of total salts per 100,000 and sahne water 
containing 600 parts of common salt per 100,000. The results 
of experiments spread over five years, clearly established that 
irrigation with saline water had the effect, of increasing the nitro- 
gen and chlorine content of the juice. On the other hand the 
content of the phosphoric acid in the juice was increased by rain 
water and diminished by saline water. These findings are 
important because it is known that a high content of nitrogen and 
chlorine in cane juice is injurious, while high phosphoric acid is 
beneficial from the point of view of sugar and jaggery manu- 
facture. 

(/) Physico-chemical studies. — N'erv detailed investigations 
on the physical structure of jaggery samples, good and bad, were 
done. The studies included the macro and the micro structure 
jaggoy samples. The non-sugar organic matter content and 
the ash constituents of samples were estimated. It was estab* 
H^ed that apart from the sugar content, the non-sugar orgamc 
mattex content was the most important factor that affected the 
keying quality of jaggery samples. 

Coconut jaggery studies . — The study of quality in coconut 
jaggery is closely associated with studies on cane jaggery but 
actually the coconut jaggery work is very much earlier and engaged 
the attention of the section nearly 30 years ago. The manu- 
f^oture of coconut jaggery is a cottage industry on the West Cloast 
Tbut the product obtained was dark coloured and of very' poor keep- 
inig qtialny. The jaggery is manufactured for local consumption 
htnn tmfermented juice. To prevent fermentation the ‘^ts in 
which %ie juice is collected are limed inside. It was found 'that 
^0^ lime was the chief factor responsible for the dark colour and 
quality of the jaggery. Apart from this, the erode methods 
tMlf IHtration and unclean vessels which carry contamination were 
to be responsible. Detailed studies showed that by the 
of a sfigu)^ filter and the use of alum fm deUming 
•I fillsi hy ttatrwiag lime out <rf solution as a pse^ipitate, ths 
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j»l<nir and quality of jaggeiy could be improTed. Actually aamj^ 
]^:^arcd by the improved methods were kept for years in <3ie 
lidwratoiy side by side with dark coloured indig«ioua samples 
which were running into water within a few weeks of xnanufao* 
tore. During the investigation it was found that jaggeiy pre^ 
pared from unfermented juice by the improved method was 
markedly crystalline in structure and showed very little glucose 
on analysis. From this the idea of preparing brown sugar from ' 
the coconut juice appeared feasible and a method was developed 
''to manufacture brown sugar by stopping the boiling of the juice 
a little short of the jaggeiy moulding stage. 

As already mentioned, this work was done nearly 80 years 
ago when there was no prohibition and coconut jaggery was manu- 
factured as a side line from unfermented juice. There was there- 
fore no need to follow up the studies which stopped as soon as an 
improved method for making jaggeiy was evolved. 

Studies on rice . — The forpis in which rice is consumed vary 
from tract to tract, the population having developed tastes and 
idiosyncracies for not only particular varieties but also for the 
particular way in which they are cooked. Several factors have 
contributed to the evolution of these difierent rice-eating habits 
and the chemistry section has attempted to elucidate these factors. 
Varietal and agronomic differences and their effect on chemical 
oompoution as also the effect of methods of preparation of the 
grain for consumption were studied. It was found that genendly 
short duration types have a higher content of proteins and minerals 
than long duration rices. The coloured rices are again noher in 
lantein and in ash constituents. IThe effect of 'irrigation was to 
raise the ash constituent but to depress the amount of protein. 
The biok^ical values of the proteins of various samples of lioe 
were also studied, by the use of laboratory animals for nutrition 
experiment. Short duration varieties showed higher biological 
values than long duration ones. Mill pohshing of rice as weS as 
washing before cooking bnngs about an appreciable reduction of 
protein quahty. The proteins of short duration rices as well as 
of the unpohshed grw contain a greater 'proportion of essential 
amino-acids like cystme, tayptophane, histidine, aiginine and 
lysine — ^than the long-duration types. 

Another investigation on rice quality was to study the fonda* 
mraital ditfsrences between old and new rice, in other words, it 
was a stody of the chemical changes occurring in riqs dnoriag 
storage. Mew rice is supposed to be not so ea^y digestible and 
the object was to find out if and how new rice acquires des^hts 
qualities on storing. The {^ysioal, diemioal and mkanaBopleal 
pK^erties of a number of samples of old and new rice w*ere stBdMMi 
as also the starches {neared from them. By tois inenstigatinii 
it was possible to foltow tile im^xwement of quality in riee 
reference to yolume expansion mi cooking, the viscosity of |ba 
rice the lednoing power of tiie extracts and ifrt 
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of an^lose, amylopectin* and phosphorus in rice starches and the 
•UEO and structure of the starch granule. It was seen that old 
rice cooks better than new rice showing a greater expansion lu 
volume. When rice is stored, the viscosity of the extract and 
of the " Kanjee ” decreases. A study of the reducing power of 
the starch and its fractions showed that on storing ^ere is a poly- , 
merisaiion ,of polysaccharides of low molecular weight into those 
ol hif^h molecular weight. During storage there is again an 
increase in the amylopectin content at the expense of amylose and 
soluble polysaccharides. The cold water extract of rice wntains 
high amounts of phosphorus and there was evidence to indicate 
that as the rice becomes older, phosphorous compounds diffuse 
into rile interior of the grain. Old rice starch has a greater water 
holding capacity, a higher phosphorous content and a smaller size 
of starch granule than starch of new rice. 

Studies on the potato . — The initial study on the potato was 
the food value of all the varieties grown at the Agricultural 
Beeearch Station, Nanjanad. The analytical data so obtained indi- 
cated that two varieties. Great Scot and Royal Kidney have the 
best food value. These two varieties are the most popular in the 
locality occupying nearly 95 per cent of the area and apart from 
other desirable qualities like short duration and high yield, the 
chemical analysis also showed them to be of high nutritive value. 
Another investigation was undertaken to study the causes of 
deterioration of Kotagiri potatoes. Early lifting of the Kotagiri 
potatoes, its appreciable mealiness, thicker peel and ill-balanced 
distribution of mineral, appeared to be factors contributing to 
deterioration. Even when the same variety. Great Scot was need 
as seed material in both the places, differences in physical and 
chonical properties were noticed. Supply of manurial deficien- 
cies and provision of aeration during transport were suggested as 
remedies for improving the quahty. The chemical analysis of 
flesh and peel of the different varieties for nitrogen, phosphoric 
amd wid potash disclosed in general the following points ; — (n) a 
greater percentage of ash, nitrogen and potash in the peel than 
in the flesh, (b) comparatively larger amounts of dry matter and 
phosphoric acid in the fleshy portion of all varieties, (c) no 
appreciable differences in the amount of the various mineral ingre- 
ments of the sample harvested early and late, (d) superiority of 
Bogal Kidney in particulu over the other varieties in regard to 
nitrogen, potash and phosphoric acid irrespective of soil condi- 
tions and time of harvest. 

Frriimin^ studies on “ Black heart ’’ disease of stored potato 
on tile Nilgiris rimwed that it was due to a physiological break- 
dovm rif the tuber which becomes unfit for consumption. The 
Ferions factors responsible for this breakdown are being studied 
with a view to control the breakdown- More details will be found 
ekrithrae, later on in this chapter under Plant Physiology.* 

on tohaceo . — ^Preliminary studies on the factors respop- 
im fw quahty in Virginia tobacco were undertaken. The Grmtv 
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area supplied necessary materials like leaf and soil sample for the 
study. The analytical data revealed that good quality leaf had a 
low content of salt and nicotine. The lower inferior grades were 
invariably characterized by a higher nicotine content and of 
mineral matter, especially lime and magnesia. (Correlation between 
' soil analysis and leaf quality was noticed. The soils on which 
good grade tobacco was grown were found to have a low salt 
content. (Quality in Virginia tobacco was therefore found to be 
associated with low salt content in the leaf and with a soil of 
similarly low fealt content. 

Studies on the quality of chewing tobacco were started at the 
instance of the Government of Jndia to liiid out the possibility of 
improving the M ecnampalayam (Coimbatore) tobacco to the level of 
the Jalfna variety, 'riie superior quality of the Jaffna tobacco was 
considered by the Marneting Adviser to the Government of India 
to be due to the nature of the micro-flora associated with it. It was 
suggested tliat by transferring the micro-organisms from Jaffna 
variety to that of AJeenainpalayain, the flavour of the latter could be 
improved. The results of the cliemical and bacteriological investi- 
gations were as follows : — (1) The cured samples of the two 
varieties as received from their respective places of origin showed 
that Jaffna tobacco contained far less nicotine than the Meenam- 
palayam and tlie preference of the tobacco addicts in 'Travancore to 
the former and the Coimbatore addicts to the latter is probably 
due to the difference in the nicotine content. (2) Growing the two 
varieties side by side on the Central Tana, Coimbatore, resulted in 
the production of a Jaffna type with as high a nicotine content as 
the Meemrnpalayam type at all stages ol growth and curing and 
in the cured product. (3) Bacterial flora has nothing to do with 
the quality of the two typ(‘S of tobacco. 

The investigations led to the conclusion that soil and climatic 
conditions were the chief factors resjionsible for influencing the 
quality in the tw’o types. 

Coffee siudie -^. — Studies on the quality of coffee were started ai 
the instance of the Marketing Adviser to the Government of India 
who wanted to know the difference in composition between the 
two varieties Coffee arahica and C. robusta. It was found that 
C. arahica in the roasted condition had a better flavour though it 
was not possible to quantitatively measure it. It was however 
found that C, arahica in the roasted condition had a higher oil 
content than the other variety. 

Banana studies, — Forty-two samples of different varieties of 
banana were collected and analysed for their mineral matter con- 
tent and food value. The analytical data revealed that the out- 
standing variety was the red banana which had a total sugar 
content of 20-9 per cent and a non-sugar content of 13-8 per cent. 

Some work was done on the keeping quaUty of bananas. 
Experiments were laid out and trees manured with wood ashes 
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(a good source of potash) produced fruits which kept 48 to 72 hours 
longer than fruits obtained from unmanured trees. 

Pineapple studies ^ — This work was started to throw some light 
on the chemical changes occurring in the pineapple during growth. 
Periodical analyses of the fruits were done for sugar and non-sugar 
content. The data were helpful to determine the best period for 
planting and harvesting the crop. 

Sweet potato studies , — Experiments were conducted with a 
view to prepare attractive products such as flour, biscuits, cake, 
bread and other comestibles as from cereal starch. Cakes and 
biscuits were made with 50 and 60 per cent of sweet potato 
flour re.spectivcly and consumers were unanimous in testifying to 
the excellence of the products in point of taste, aroma and appear- 
ance. Bread made out of 25 per cent of sweet potato flour was 
good l)ut higher proportions were found unsuitable. Ckappathie^, 
Kanjee and eatables witli propoitions of grams mixed were other 
preparations tried on a small scale in the laboratory. 

The storage of harvested sw(‘et potato was also studied. 
Actually this was done in the several Agricultural Eesearch 
Stations, five methods of storage being studied. Samples sent 
periodically to the laboratories at Coimbatore and Bapatla for 
examination showed that there was no difference between the 
sprouted and un.sprouted tuberh. There was however some 
evidence to show that during storage the sugar content increases 
while the starcli decreases. 

Beet-root studies . — Experiments were conducted to fix the 
optimum period for the liarvcht of the beet-root crop to ensure maxi- 
mum sugar content. Two varieties, the California and the 
Kashmir, were under trial. From the results of analysis available 
it was concluded that tlio crop S(»wn in September may be harvested 
in April. The harvest should not be delayed be . oiid the middle of 
May as deterioration in sugar content sets in. 

Fodder grass studies . — This work was dv»ne in collaboration 
with the Government Lecturing and Systematic Botanist for the 
selection of grasses suitable for fodder by examining them at four 
stages of growth, viz-, tender, prior to shot blade, in full l)loom 
and after seed setting. Some of the grasses develop hydrocyanic 
acid during stages of their growth and may prove toxic. The 
object of the study was to find which of the grasses contained 
hydrocyanic acid, the amounts of it and if they could be fed safely. 
Altogether 18 samples were examined but of these only four, viz., 
(1) Cynodon dactylon, (2) Cynodon plerfosfachyum . (3^ Scheine 
retiose and (4) Leftachoh ohluri flora contained hydrocyanic acid 
but except in the loaf which contained appreciable amounts even- 
after seed setting the others contained low amounts only. Out of 
these four varieties, Cynodon plectostachyum is the famous Giant 
Stargrass^ an introduction from South Africa. The bullocks experi- 
rpiented with relished this grass and maintained excellent health. 
N6 symptoms of toxicity were noticed after feeding the grass fresh 
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or or cat at any stage of growth. This showed, apart from 
analytical figures, that the amount of hydrocyanic acid in this grass 
is wdl below the toxic limits. 

Coriander studies . — Firms dealings with the coriander frade 
wanted advice on the quality of Indian coriander as compared to 
that in the European market. Samples of Indian varieties were 
obtained and analysed. It was found that the essential oil content 
of Indian coriander was low compared to the Bussain and other 
foreign varieties. Based on this, advice was given to the concerned 
firms. 

Ginger preservation. — A similar investigation, started at the 
instance of the trade, was on the preservation of ginger. This is 
a commodity which is exported for the European market and finds 
competition from other parts of the world. The problem is one of 
preserving the ginger so that it may be free from insect attack and 
preserve its quality and have an attractive colour- The normal 
method is to fumigate the rhizomes with sulphur dioxide before 
export. This was costly and not always efficient. A less objection- 
able method was required. As the result of investigations it was 
found that treatment of the rhizomes with milk of lime, followed 
by drying in the sun resulted in a satisfactory product. 

Cas'hewnut studies on preservation . — ^Fresh casliewnut kernels 
were kept under different conditions of storage, namely, vacuum, 
carbon dioxide atmosphere, and under ordinary atmospheric con- 
ditions. The samples under different storage were analysed 
periodically up to six months, for acidity, rancidity, etc., besides 
examining them for insect infestation. The results indicated that 
the vacuum and carbon dioxide atmosphere are superior to ordinary 
atmosphere. It was also found that, provided the moisture content 
is within 5 per cent and the product is sterilized before packing, 
the kernels could be preserved in vacuum for over six months, 
without spoilage. 

The viability of Kolinji seeds . — The aim of this study was to 
find out ways and means of improving the poor germination of 
Kolinji seeds sown as green manure for rice under normal condi- 
tions, so that seed rate could be reduced and more acreage covered by 
the available seed. To gain this objective, seeds were subjected to 
sand polishing besides treating them with sulphuric acid, sodium 
hydroxide, calcium hydroxide and lime water of different strengths. 
Of the various treatments, soaking the seeds in 95 per cent commer- 
cial sulphuric acid for 6 minutes followed by washing them with 
water till free from acid, gave the best results, the next best 
being treatment with 20 per cent sodium hydroxide. 

Improvement of marginal lands . — Marginal lands of low fo'tilifey 
can be built up and improved gradually by growing green manure 
crops and ploughing them. But green manure crops only add 
nitrogen to the soil and farther on such marginal lands green 
manures themselves will not grow well. It is known that jhos- 
phoaacxadd stimtdates root-nodule formation in legumes, 
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this prmciple a method of improving marginal lands in the State 
is being tried. Experiments have been started recently in Tiroi- 
nelveli district and the A^gricultural Besearch Station, Eoilpatti 
by growing legumes with application of siiperphosphate and plough- 
ing them in, to supply plant food and organic matter to the succeed- 
ing crop. Two sets of experiments are conducted simultaneously, 
one on ryots’ fields and the other in the Agricultural Besearch 
Station, Koilpatti, and the results are being watched. 

Rubber from Cryptostegia vine. — Heve latex, the rubber tree, 
is the natural source of the raw rubber of the world; but during the 
Great War II, while Malaya and other rubber growing countries 
fell into Japanese hands, in all the countries of the world attempts 
to manufacture synthetic rubber or to investigate other alternative 
plant sources were being made. In India and in Madras State also 
these investigations were continued. 

Among the many plants tried, Cryptostegia grandiflora showed 
much promise. This was a ^ne, which was capable of quick 
growth and the shoots when cut yielded a latex which could be 
collected and converted into nibber. Compared to Hevea rubber . 
the yield was very low and uneconomic, but the crisis caused by 
the rubber shortage warranted a detailed study. The investigation 
covered several aspects, methods of propagation from seed or 
cutting, the frequency of pruning, the method of collection of latex 
and the methods of coagulating the rubber from the latex collected 
and the economies of production. 

Observations on the yield and quality of rubber from irrigated 
and unirrigated plots at Coimbatore, showed that except in the 
months of July and October, the irrigated plots yielded more, and 
the rubber obtained was of superior quality. 

A method for the isolation of rubber from the leaf material by 
fermenting it, was also worked out, so as to make it feasible, in the 
event of any future necessity . for the production of rubber from this 
source. 

Groundnut proteins — Studies . — The proteins of several indi- 
genous agricultural products like cereals, pulses, grams, were 
isolated and from nutritional experiments it was established that 
groundnut proteins were superior in quality. It was therefore 
considered that a soluble and easily assimilable form of the protein 
would, by virtue of its nutritive property, be of value as a stimulant 
nourishment. The protein of groimdnut cake was rendered soluble 
by a special process. With this substance as a base, a palatable 
tonic was prepared containing 7-75 per cent : of solube proteins in 
addition to other substances commonly found in such tonics. 

Chemistry of fungicides. — An accurate knowledfi'e of the 
chemistry of Bordeaux mixture used for spraying is necessary for 
the preparation of a mixture with effective fungicidal properties. 
As a result of careful study it was established that the previous 
yliws w ^e oomposition of the precipitate obtained by nuxiag 
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par iMQii. Bdotkoi. of copper sulphate and lime water were ralliar 
wroneona, and that the compound formed is only copper hydrozide- 
vhich has absorbed at its surface large quantities of calcium sul- 
phate, and not a basic sulphate of copper as was usually assumed. 

Food and industrial products . — In a preTlous chapter. 

Nutrition ”, mention has been already made of the successful 
preparation of malt from local cereals. The work actually started 
33 years ago and as the result of these investigations, the Qovem* 
ment Malt Factpry at Coimbatore is successfully working now 
producing quantities of malt food and malt extract impregnated 
with Vitamin D and Shark Liver oil. A number of associated 
problems have also been studied, these have not come to the stage 
of factory .production, but short notes about them are given in 
this section to indicate the possibilities of future industrial 
development. 

At the Madras Industrial Exhibition in December 1917, a 
number of articles of food and industrial products were exhibited 
by the Government Agricultural Chemist and were awarded a gold 
•medal for their excellence. These were all prepared in the Coim- 
batore laboratory from indigenous agricultural produce and are 
capable of replacing similar im|K)rted articles. The articles finally 
prepared as exhibits may be classified as follows : (1) Infant and 

invalid foods, (2) Bieakfast and other fiwds, (3) Beverages, (4) 
Cheese and Tjactose, (&) Casein and casein products. When work 
was taken in hand, it was realized that so far as foodstuffs were 
concerned the primary problem was the production of a good malt 
and malt extract, these being important constituents of many 
patent foods. This led in the first instance to the search for a 
grain of food malting capacity, and of several cereals tried, 
sorghum answered the purpose suitahly. With malt preparation 
from sorghum thus assured, foods of the tyj)e of Benger’s, Mellins, 
Horlicks, Sanatogen, and Plasmen were all prepared by suitable 
blending. Breakfast foods like grape nuts, shredded wheat; 
vermiciili, desiccated coconuts, candied peel and parched foods from 
rice and bajra with and without malt were also prepared. Attempts 
to make ready soup flours from pulses, and of starches from cereatei 
bananas and tubers were also made successfully. Beverages like 
orange and lime juice sterilised, sorghum beei (from malted 
sorghum) also received attention. 

The preparation of by-products from milk becomes important 
only when our country becomes self-sufficient to meet the needs 
of the population for milk, but the possibilities have already ^n 
examined. Cheese, lactose and casein were the products obtained 
from milk and from the casein as a base it was shown that paints, 
varnishes and distempers, as also photographic films, and toys 
could be made. 

t 

Although the Malt Factory at Coimbatore has started fnnotioiif 
ing as -an mdenpendent unit for the last eight years, proble^ 
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Gozmected.with the industry still continue to be examined in Hib 
Chemistry section. Among these may be mentioned the blending 
of malt with other flours to prepare bread, cakes and biscuits; the 
preservation of^caalt food and malt extract and the factors that 
govern spoilage, the use of diastase from Aspergillus oryzae, to 
cheapen production, the use of sweet potato and other starches as 
the sources of malt for preparing the extract and the preparation 
of foods like Ovaltine. 

Ovaltine, besides other con^ituents, requires Cocoa as one of 
the ingredients and some work has been done i)n the method of 
preparing food Cocoa from Cocoa pods grown on the Burliar 
gardens. 

Work on activated carbon. — A process for the manufacture of 
active carbon eornpai'ing favourably in decolorising power with 
expensive imported carbon, lias been developed. The raw material 
is paddy husk wdiich is a waste product from rice mills. The 
process consists in charging the husk into closed iron pipes 
and 'heating it to 700*^ to 800® C. out of contract with air. 
The charred husk is then treated with Caustic soda solution 
and then washed free of alkali. The cheapening of the cost of 
production, the standardisation of the product and the ramification 
of the used active carfion, also received attention. Further investi- 
gations were carried out to improxc tlie efficiency, hy using other 
reagents and other waste material, e.g., groundnut shell. The 
trials showed that by further treatment with calcium chloride, the 
improved product obtained was twice as pf‘werful and compared 
very favourably with imported carbon. Groundnut shell active 
carlx)n could be firepared hy treatment of {>owdered shell with 
zinc chloride solution. 

By using active carbon prepared from paddy busk, for the 
clarification of sugarcane juice, the possibility of preparing what 
is known as “ cream jaggery ” was demonstrated. In the malt 
factory at Coimbatore, active carbon is being used for the clarifica- 
tion of the extract. It has also been successfully used for the clarifi- 
cation of oils and some local merchants have adopted this method 
with profit, for placing on the market refined and clear oils- 

Manufacture of Agar-agar from Seaweed. — Agar-agar is a jelly 
like substance obtained from seaweed and is used as an article of 
diet in the Orient, Japan, Ceylon, Malaya, Lndo-China and 
China. It is also in demand by bacteriologists and medical men as 
the most suitable medium for culture preparation. During the 
last worl4 war there was a shortage of agar-agar and the need was 
felt for it in the manufacture of Cholera vaccine. Investigations 
were started in 1943 , for preparing agar-agar from seaweed. A 
preliminary survey showed that out of many algae found pn the 
CcHomandel coast, Gracilaria lichenoides, found abundantly in the 
sea between Ceylon and India, could be a fruitful source. Tnvesti- 
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gAtioiiQ were started and as a result the final method oi pr^paratioD 
was evolved, which is indicated in the flowsheet bebw. 

Agar-agar — Flowsheet of poroess. ■ 

Eaw seaweed. 

K . 

Soak in one per cent hydrochloric acid for 90 minutes: 

Wash in water till acid free. 

I 

Bleach and dry in the sun. 

Extract in boiling water successively. 

Combine extracts and set to jelly. 

Place jelly in tall cylinders and add three times its 
volume of sweet water. 

I 

Allow to stand for 48 hours. 

I 

Filter through muslin. 

The yield was found to be 20 per cent of the dried weed and 
examination in the laboratory showed that it conformed to the 
standards prescribed by the British Pbsrmacopsea and compared 
favourably with agar-agar commonly used in biological labora- 
tories- 

Vegetable milk from' oilseeds and pulses . — ^In the year 1946 
investigations were started to find the possibilities of preparing 
milk substitutes from oilseeds and pulses other than SoyaWna. 
Groundnut, cotton seed and coconut among oilseeds and horsa- 
gram, bengalgram and lab-lab among pulses were tried. A process 
was developed by soaking in water and extraction through cloth 
the emulsion formed from the crushed seed. The colour, uouius- 
tency, flavour, chemical properties of the milks were all determined 
and it was foupd that cotton seed milk was equivalent in nutritive 
value to cow’s milk, ' > ' 
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The. milks were tested for their palatability both as milk and 
added to coffee and tea. The taste of the milks from pulses either 
alone or with coffee was unpalatable due to the characteristic flayour 
of the grains. Coconut milk and cotton seed milk when mixed with 
coffee were not noticeable but when taken alone they had their 
characteristic taste. 


Plant Phtsioloox. 

In view of the great advances made in other countries in the 
practical application of plant physiological research a section on 
plant physiology was opened in 1946 at the Agricultural Besearch 
Institute, Coimbatore. Certain promising lines were taken for 
investigation and the progress made in these during the period 1946 
to 1950 is indicated in outline below. 

Vernalisation in rice . — Seven varieties of rice, of three duration 
groups, short, medium and long, were studied under four types of 
vernalisation treatments and the effects on growth, tillering, 
flowering and yield were observed both in pot cultures and in the 
field. The results indicated that a good deal of varietal differences 
exist even in the same crop in the response to vernalisation treat- 
ments. It was also noted that vernalisation was likely to be more 
useful as a means of improving grain yield in rice than for reduc- 
ing the duration. In the case, of responsive varieties like GEB 24, 
AKP 5 and AKP 8 the grain yields were increased by 12 to 38 
per cent over the controls. Tn straw yields too, there was a similar 
improvement but not quite so marked as in grain. 

Pretreatments with pho,sphnte solutions and growth 
hormones . — Studies were also initiated on the [wssibility of improv- 
ing crop yields by soaking the seeds before sowing in suitable 
strength of various phosphate solutions, and the results so far 
observed indicate that this method has great po.ssibilities in the 
direction of improving crop yields both by supplying the major 
elements like phosphorous and potash and also by rectifying trace 
element deficiencies where they happen to exist in the soil. The 
investigations are being continued. 

As a variant of this technique presoaking paddy seeds in a 20 
parts per million solution of the giowth hormone indole-acetic acid 
was found to increase the grain yield by about 18 per cent. On 
potatoes too, it w'as observed that tuber yields were capable of 
being increased up to 30 per cent by soaking the seed tubers before 
planting them in 60 to 100 parts per million dilutions of growth 
hormones, like indole-acetic and indole-butyric acids. 

Certain preliminary trials were also made on the effect of 
presoaking seeds in various dilutions of pregnant cow’s urine on 
the basis of their containing growth promoting hormones. The 
trials were made at the Millets Breeding Station. In the case of 
soiglnun it was noted that none of the treatments tried gave any 
l%Bifieant Increase over controls in yield. With bajra, soaking ia 
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nndiluted urine resulted in a significant increase in yie^d while 
with ragi, presoaking in one per cent and 100 per cent tuine gawi' 
plants that were earlier than the control by ten days and seven 
days respectively. The same trial when repeated in pot qultanw 
showed that presoaking increased the yield of grain and straw, 
besides hastening the flowering by three to eight days. Similar 
trials with Setaria (Strain 'CO. 2) failed to show any significant 
increase over control. 

At Buchireddipalayam Rice Research Station, dibbling oow- 
dung-treated paddy seeds gave a well established crop earlier than 
transplanting. In yield it was on a par with a transplanted crop 
but significantly better than broadcasting. 

The effect of pretreating bengalgram seeds with different con- 
centrations of 2 )otassium pho.sphate and calcium phosphate solutions 
was studied in 1949 at Coimbatore. Soaking in a two per cent 
solution of dibasic potassium phosphate allowed an increase of 
nine per cent over control but owing probably to the abnormally 
droughty .season in 1919 and general low level of yields in this 
bengalgram crop, the difference was not statistically significant. 
Further work is clearly desirable to assess the full scope and potenti- 
alities of tliis technique of presoaking seed.s for improving crop 
yields. 

Effect of trace element sprays . — ^When paddy plants were 
sprayed about one month after being transplanted with suitable 
dilutions of copper, zinc and manganese sulphates, it was founti 
that the grain yields wrere improved uj) to a raaxiinimi of 24 per 
cent over unsprayed controls. 

In straw yield too, the effect was similar but less pronounced 
than in grain. These investigations also are being continued. 

TJie effect of supplying other trace elements to Crops, sucli as 
boron to sweet potatoes and lucerne in the form of borax is also 
under investigation. . The results so far . obtained seem to show 
that about 40 pounds of borax applied one "month before planting 
is capable, under favourable conditions, of improving tuber yield.s 
in sweet potatoes by as much as 24 per cent and the yield of lucerne 
by about 8 to 10 per cent. The specific conditions under which 
these increases are possible require further investigation- 

Black ’heart in potatoes . — During World War II, when large 
quantities of potatoes had to be stored and sent by rail from lAw. 
Nrlgiris to Ranipet for dehydration for military uses, a diseaM 
known as' black heart ” assumed serious proportions. 
disease was unusual in that no fungus or bacteria were involved 
but was due to an injury of the tuber tissues brought about Ijy 
overheating in storage aiid lack of proper ventilation. The nalfi$ 

" black heart ” too was quite an appopriate one, because thf> inaji| 
symptom was a blackish discoloration in the heart of the tuber^ 
which was evident only on cutting it open through the middle at 
an oval ot heartshaped patch, sharply set off from the sUrtbtUlilSiif 
creamy-white, healthy tissues. 
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An investigation was taken up in 1948 to hud out the factors 
involved in causing this trouble and for devising proper remedial 
or preventive measures. The results of this investigation showed 
that under normal conditions of aeration, humidity and tempera- 
true, black heart does not develop upto ten weeks m storage but 
if the tubers are kept in very dry conditions or at temperatures 
over 88® F, the disorder develops within two or three weeks 
in storage. If, on the other hand, the tubers are stored in a moist 
atmosphere with the temperature not exceeding 80 they 
could be kept free of black heart up to 12 weeks in storage. 
Another interesting fact that was observed was that the popular 
Nilgiris variety, Great Scot, seemed to be more resistant to black 
heart under South Indian conditions than other varieties studied 
elsewhere in the colder countries of the west. 

Weeds and Weed Control. 

A weed is a plant in the wrong place. The word suggests a 
useless harmful or ugly plant tliat persists in growing where it is 
not wanted. A plant may be harmless or even useful and still 
be a weed under certain situations because a plant is 
regarded as a weed not merely on its liabit or characteristics but 
in relative position with reference to other plants and man. In a 
country like the United States of America tlie loss due to weeds is 
estimated at over 300 million dollars, a loss greater than what is 
suffered from insect [lests, plant diseases and hvestock diseases. 
The loss cannot be much less in a coiinti’j like India which is far 
less advanced in weed control lueasureb. 

Weeds that are regarded as serious pests by farmers are usually 
the aggressive perennials, many of them with a free seeding habit 
and efficient means of seed -dispersal and a wide tolerance of soil 
and plant nutrients that weeds cause, they arc also the cause of 
an indirect loss as hosts for insects, fungi and virus diseases. 
Economic factors arising from maladjustments of land-tenure, 
neglect of drainage and proper soil management, over-stockmg or 
over-grazing, all these too increase the number of weeds in agricul- 
aural lands. 

' The source of w’^eeds is from impurities in seeds, hay and feed- 
ing stuffs, ballast from freight cars and boats, farmyard mahure, 
Imul implements, packing materials and disseminated by wind, 
water and animals- The losses are thi'ough reduced yields of 
agricultural crops, increase of operating costs on farms and injurious 
effects by weeds serving as hosts of pests and diseases transferable 
to crop plants. Some common weeds like Lochnera pusilla 
K, Schum Datura stramonium and withania somnifera Dun are 
poi^nous to livestock. A few weeds have prominent thorns and 
spines and are capable of causing mechanical injury to livestocif 
and labourers, e.g., Trimulus, terrestris, Xanthium aristida 
The presence of weeds in farm produce decreases their sale value 
oops^leratlir. 
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Weeds are not however quite an unmixed evil as tiiey oan some- 
times be made use of as green manure adding humus and |dant 
nutrients to the soil. They also serve as a cover <a:op for preventing 
soil erosion by wind or water. Quite a few can be utilized as forage 
plants when more palatable plants are scarce, e.g., Portviaou 
oleraceah, Amaranthus viridish, and a number of weeds have valu- 
able medicinal properties as well. 

A list of common weeds is given below : — 


Foreign weeds introduced into South India. 


(I) Coronopua didymus 

(2) Saponaria va<'caria L, 

(3) SpergtUa arvenaia L, 

(4) Modiola caroliniana G.Don. 

(5) Conyza ambigua DC. 

(6) Flaveria auatralaaica H,L, 

(7) Tridax procmnbena L. 

^8) Oalinaega parvijhra Cav. 

(9) Centaurea melUenaia 
(10) Aadepiaa curaaaamca L. 

(II) M(»r1yfw annua L* 

(12) Eichromia craaaipea Solma 

(13) AUemanthera echinata Smith 


(14) Acanthoapermum JUspidum D.C. 

(15) Oroton aparaijhrua Mor 

(16) Bmex apinoaa campd* 

(17) Piiea muacoaa Lindl. 

Pond woeda 


( 1 ) NympluMpuJlmoana'W^d* 

(2) JVa{tifn6«um apeoicMum W 

(3) JAmardhemtm criataium Oris. 

(4) Uiricuknia aUdloHa h.t 

(6) OoraU>phyUtm demorsum^ 
(t)*BydriJda verHoUkOa Boyle, 

(7) VMUtmiaapMUsL. 

(8) OUd4n,aUoimM$$p0ne 


A tropical American weed is seen ^reading 
in Ootacamund on road sides. 

A plant of the Mediterranean region, which 
has become a weed in wheat fields in 
South India. 

A plant of Europe, which is now a pest 
in the Nilgiris. 

Is common in Ootacamund. 

(Erigeron linifolius Willd). An Ameiicaii 
pleuit is spreading throughout South 
India. 

Of Australia introduced probably by 
Australian horse dealers. 

Of tropical America which is now abun* 
dant everywhere from the Himalayas to 
Cape Comoriif. 

Of Australia. 

Of Europe now found in the -Nilgiris. 

» a • a 

(Tigers’ claws) — fi*om Mexico. 

(Water hyacinth) — a very serious pest in 
the backwater areas of Travancore, 

A tropical American procumbent herb 
which is now a very common 
weed in South India especially Coimba* 
tore, Madras and Mang^ore. 


Very common on the Nilgiris. 

A tiny Urticaoeous American plaidi Renown 
as the artillery plant which is nowusan on 
the hills as a troublesome Weed. 

These cause a lot of trouble by blocking up 
irrigation channels, polluting drinking 
water by decaying leaves and offien 
hindering fish culture. 
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(9) PMo 8tTatioUh9. 

(10) Ltmna sp. 

(11) MarmUa quadrifoUa, 

(19) Ohara vp. 

Poisonous weeds. 

(1) Datura fastuosa L. and Datura Doitura stramonium L. all parts 

msid L. pluits are poisonous. 

(2) WUhanda somnifera Dun . . Berries are poisonous. 

(3) Lochnera pusiUa K. shum. 

(4) Orinum defioBum Ker. 

(6) Abrvs precatoricus. 

Parasitic weeds. — Orcbanche, Striga ap. Cuscuta ehinensis Lam. 
fUJormis L. and Loranihus longificrus Desv. 


of the 


Cassytha 



890 MBMOIBS OF THfe OF AaKlOUiiTUEB, Uhbkki 




OF THB MPAETMBNT OF 


AOBlOOLTtJBB, MADBA* 



AJI.— «7 


8 



,692 MBM0IE8 OS' TH8 DBPAETMBNT OS AOEIOOttUEB, IfAOSAB 



Pichi 



ICBMOIES OF THB DEPAATMBNT OF AGH1CULTUE£» MADKA6 89d 


Weed control - — The methods of cxm trolling weeds may be 
grouped as below, (a) Mechanical — pulling out by manual labour, 
cutting, mowing or spudding (digging out; tillage or by burning, 
(6) by irrigation, (c) smothermg or crowding out by thick sowings 
or by growing crops that cover the ground completely smothering 
the weeds, (d) biological methods — by release of suitable insect 
pests, and (e) by chemical methods utilising lierbicides. Legisla- 
tion may also be found necessary to enforce the proper control 
measures, for instance, in Alberta (U.y.A.) Agricultural inspectors 
are i^mpowered to order the partial or complete destruction of grain 
or hay crops contaimng noxious weeds, in Madras, water hyacinth 
is declared by law as a noxious weed and ordered to be destroyed 
wherever it occurs (under the Madras i\!sts and Diseases Act 1919 
as amended by the Madras Act \T1 of 1925). Under section 3 (1), 
clauses (b) and (c) of tlie Act, the Government also prohibit the 
transport of tliis weed Iroiii one village to another or from one 
water source to another. The following are empowered to act as 
inspecting officers for tlie destruction of this weed, Kevenue 
Inspectors, Minor Irrigation Overseers and Supervisors. If au 
inspecting officer gives notice to the owner of a place where the 
plant is found, e.g., well, tank or pond, it should be removed 
immediately, otherwise the officers will remove the weed and 
recover the cost from the owmer. 

The following are the places where the Agricultural Pests and 
Diseases Act was enforced : — 

Ghumsur, Berliampur, Surada, Sompeta, Uhatrapur, Icha- 
pur taluks in Ganjam district (now’ in Orissa State), Tanjore district, 
Madurai district, Bapalla taluk in Guntur district, Godavari 
district, I\)niiaiii, Kottayaiii, Palghat, Eriiad, luirumbraiiad taluks 
of Malabar district, Vriddachalaui, Chidambaram and Tindivanam 
laluks in Soutli Arcot district, Tiriiclnrappalh taluk, Vizianagarain 
municipality and Tanuku and Narasapur taluks of West Godavan 
district. 

Biological uictliods . — In Italy and New Zealand fungi have 
Ocen utilised to destroy weeds, cultures being prepared and the spore 
suspensions sprayed over the w’oeds. Good results have been 
claimed for this method. In Madras, prickly-pear {Opuntia sp-) 
was a most troublesome weed until the advent of the Cochineal 
insect from Australia (Dactylopiua sp-)- Similarly the weed, 
Lantana has been controlled by the Lantana Dug. 

Chemical control of uced ^, — The use of chemicals for keeping 
down weeds has come to the forefront in recent years, particularly 
the type of chemicals known as selective herbicides. Previous to 
the discovery of these “ hormone ’’ type of herbicides, other 
chemicals' were in vogu" such as various phenolic compounds from 
products of coaltar distillation, sodium’ chlorate and sulphuric acid 
but these were non-selective in action, poisonous to cattle end 
highly corrosive and so they needed great care in handling as well 
as social equipment for spraying them in fields. The potentialities 

A.M, — 67a 
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and limitations of selective herbicides are still not very clearly 
delimited it seems obtain that agricultural practice would be 
definitely modified in the course of a tew years by the availabilty of 
these chemical aids to clean cultivation. 

In 1932, the eradication of Alternanthera echinata (Khaia 
weed) and Cyperus rotundus {NuL grass) was attempted by various 
methods. Itepeated ploughings at short intervals with an efficient 
mould board plough were ellective in destroying existing weeds but 
this did not help m destrbying the viability of seeds nor the deep 
seated underground portions, especially in the case of nut grass. 
Sugarcane trash spread over the ueeds to a depth of 6 to 12 inches 
helped to destroy the weeds by smothering them in about three 
months time. iSodium arsemte destroyed the weeds in three days, 
but being poisonous to cattle, its use could not be recommended for 
general adoption. 

More recently in 1949, certain prehminary trials have been 
made at Coimbatore on the effect of priprielary hormone weed- 
killers hke ■ Methoxone ’ on water hyacinth. A similar product 
‘ Agroxone ’ has been tested at Bapatla and was found to be effec- 
tive against Granyea rnadiraspatana Pair, MoUugo oppositifolia L., 
Boerhaavia repens L., lielwtropium ovalijoltum Forsk, Croton 
spariflorus Poir, Oldenlandia uinbellata L., and Amaranthus 
spinosus. 

A good deal of systematic trials and investigations are however 
necessary before the merits and economics of the numerous pro- 
ducts that are now put on the market can be assessed with any 
degree of definiteness. Besearch is also necessary to determine 
for each type of weed the type of chemical that is the most 
efficacious, its dosages, manner and tune of application, the inter- 
relations betw'een weeds and sprays, and the weather conditions iliat 
precede and follow the spraying treatments. None of these weed 
killers is a panacea for bumper crops and none eliminates proper 
cultivation and soil luanageinent though they would no doubt be of 
great help in these days of food shortage and labour shortage. 

The future . — ^Having studied so far about the weeds and their 
economic importance, the future plan of action will be discussed 
hereunder : — 

Reliable information on weedicides is not available for the 
ryot to go in for these weed killers, though they are widely adver- 
tised and far-reaching claims advanced. A great deal of research 
is required mostly of the nature of field experiments in the 
important research stations on the following lines : (1) Experi- 

ments to determine the dosage required to kill the common weeds 
in cereals (rice, sorghum, bajra and maize) under Madrw condi- 
tions. (2) A series of experiments to determine the minimum doses 
which will effectively control certain special weeds under practical 
conditions on a large scale, notably water hyacinth, striga, salvinia, 
and pistia. (3) Experiments w^ different types of machinhiy 
to determine their usefulness under various conditions and the eost 
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of treating a given area with each machine. (4) Experiments on 
spray adjuvants (e.g., emulsified oils) and their efficacy in improv- 
ing the spreading or sticking qualities of the spray solutions when 
they have to be applied to weeds with waxy or hairy leaves. 
(5) Extensive propaganda for the control of weeds where the method 
,is clearly profitable (eg., water hyacinth and striga). The 
example of Denmark where “ the State makes annual grants to 
Agricultural societies for the purposes of awarding prizes to 
members of weedless fields ” (Long — 1929) may be followed by 
the Madras Government. The Madras Government may pass 
Acts with suitable modifications on the model of the .Adulteration 
of Seeds Act of Great Britain, Weeds and .Agricultural Seeds Act 
of Ireland and the Seed Control Act of Canada. Short-term 
leases and consequent neglect of weeding should be remedied by 
suitable legislation. “ The Department of .Agriculture should 
arrange for certification of weed-free rice crops for use as seed, 
and for the provision of seed cleaning machinery for hire or sale 
to growers and rice merchants. The Department of .Agriculture 
should be enabled to undertake investigations into methods of direct 
control of weeds and into methods of pasture and grazing improve- 
ment.*’ (Imperial .Agricultural Bureaux Publication No. 38 — 
1947). What is important than legislation is co-operation among 
all those concerned and a firm determination on the part of land 
owners and tenants to gel rid of harmful weeds. Hence, the ryot 
should be educated on tiie subject by lantern slides, films, etc., and 
made to reali.se the importance of weeds; thus the enlightenment 
of the ryot is the true solution for all the economic and social 
problems of the Madras State including the weeds and fodder 
problem. 


Bacteriology. 

The Bacteriology Section was started in the year 1921 with 
the appointment of an Agricultural Bacteriologist in the Indian 
Agricultural Service. The section was closed down the very next 
year. The post of Agricultural Bacteriologist was revived in the 
year 1927, the post being in the Madras Agricultural Sendee and 
under the administrative control of the Government Agricultural 
Cheioist. 

The important items of research work carried out in this branch 
of the section are given below ; — 

1. Sohibilization of Tiruchirappalli phosphate by sulphonica- 
tion methods . — Trials were made to increase the availability of 
Tiruchirappalli phosphate by composting the finely ground 
material with sulphur, cattle manure and soil. The optimum pro- 
portions were found to be 25 parts of cattle manure for every 75 
parts of soil and 4 parts of sulphur for every 20 parts of Tiru- 
oMrappalli phosphate. Eighty to eighty-five per cent of the total 
P* Oj was rendered available fas judged by solubilitj’ in 2 per cent 
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citric acid) la 60 days. Vegetation tests indicated the composted 
phosphate to be inferior to super-phosphate or bonemeal. At tlie 
then prevailing prices of sulphur and super the method was found 
to be uneconomical. 

2. Isolaticn and study of sulphur oxidizing bacteria . — !^ure 
cultures of sulphur oxidibing organisms were isolated and their 
physiological characters studied. A new species was isolated. 

3. Nitrooen fixation bti non -symbiotic bacteria — (a) Azolo- 
bacter inoculation of cereals. — Pot and field experiments were 
conducted to determine the eflfect of inoculating sorghum seeds 
with azotobacter prior to sowing. Increased yields of both ^in 
and straw were obtained and the increases were statistically 
significant. The response due to inoculation was greater when 
lime and phosphates were applied to the soil. 

(6) Nitrogen fixation in stcamp paddy soils. — Paddy soils 
were inoculated with azotobacter alone, clostridium alone and with 
both and the effects on paddy yields and the oxygen demand of 
the drainage waters studied. Inoculation with azotobacter o»jly 
gave the best results. Azotobacter plus clostridium depressed the 
yield and increased the oxygen demand of the drainage water. 

4. Groundnut nodule organisms. — Nodule bacteria from six 
varieties of groundnuts were isolated and their morphological, 
physiological and other characteristics studied. 

5. Lequme studies — (a) Cros.s-inoculation studies. — The n)ot 
norule organisms of the legumes commonly grown in South India 
were isolated and studied. Cross-inoculation experiments were 
conducted and two new cross-inoculation grmipa were d’scovered — 
the cicer group and the daincha group. Se.sbanta grandiftora, ses- 
bania specioca and sesbania miscrocarpus belong to the latter group. 
Horsegrara, lab-lab, pillipesara, indigo, wild indigo and blackgram 
'fall in the cowpea group 

(b) Field scale inoculation of several legumes were tried 
and increased yields ranging from 10-30 per cent were obtained. 

(c) Soya bean and herseem which are new crops to this 
State failed to grow when tried at the various Agricultural 
Eesearch Stations due to the absence of the specific root nodule 
organisms in the soils. Cultures of nodule organisms specific to 
these new crops were isolated and supplied. 

(d) Factors governing nodules formation and Nitrogen 
fixation. — Sunlight, moisture, efficiency of the bacterial strain 
and the nature of the host plant were found to affect profoundly 
nodule formation and N fixation. 

6. Photo-nitrification . — ^Dhar’s theory that sunlight by itself 
produces nitrification was found to be untenable. Sterile, and 
unsterilized soils were exposed to light for periods ranging from 
300-600 hours. Control flasks blackened on the outside to exclude 
light were also filled with sterile and unsterilized soils. Analysis 
of the soils at the end of the experiment showed that only in the 
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pnsterilized soils there had been nitrification whether exposed to 
light or not. 

7. Associated growth of legumes and cereals (irrigated). — 
Bedgram, greengram, blackgram, cluster beans and soya beans 
were grown in association with chitrai cholam (irrigated) in vary- 
ing proportions. Half cholam and half pulse or three-fourths 
cholam and one-fourth pulse gave the best monetary return. 

8. Fermentation of molasses to power alcohol. — Efficient 
cultures of Saccharomyces ellipsoides were isolated and the opti- 
mum conditions for the production of alcohol from molasses were 
worked out. Under optimum conditions 22 per cent of alcohol by 
weight or 27 '5 per cent by volume was obtained. 

9. Microbiological flora of soils as influenced by manurinl 
treatment. — Periodical examination of the soils from the ‘ no 
manure ’ ‘ N-|-K-fP ’ and ‘ cattle manure ’ plots was conducted. 
The cattle manure treatment gave the highest count followed by 
N + K + P. The bacterial population was highest during the rainy 
season, and least during summer. Close correlation between 
microbial population and crop yields was noticed. 

10. Ea-aminatum of wet, garden land and dry land soils for 
algee and protozoa. — Large numbers of active protozoa were found 
in all the soils. The number of cysts was high in the drj' land 
soil. The algae population was highest in the wet land soil and 
least in the dry land soil. 

11. Bacteriological examination of milk from the College 
dairy and outside milk (Co-operative Milk Supply Union and 
villages round about). — Periodical bacteriological examination at 
different seasons of the year of milk from the College dairy and 
outside milk was conducted. The dairy milk was found to be far 
superior to the outside milk and to conform to the standards laid 
down in advanced countries. Milk produced in the afternoon at 
the dairy was better than the morning milk which was traced 
to be due to exposing the vessels to the hot sun in the middle of 
the day, thus killing the contaminants. The main source of 
contamination of morning milk was traced to the utensils which 
accounted for nearly 80 per cent of the contamination. Steaming 
the vessels and drying in the sun reduced this contamination 
considerably. 

12. Keeping quality of milk. — Boiling the milk for 5 minutes 
destroys most bacteria — even those of highly contaminated milk 
(B. coli, etc.). On keeping the boiled milk the multiplication of 
the bacteria is at a very low rate for the first three hours and 
then comparatively rapid, reaching a peak during the ninth hour. 
The time-honoured practice of boiling the milk is thus shown to 
be a safe one. 

18. MUk transport . — An investigation in collaboration with 
the Indian Dairy Institute at Bangalore on the best method of 



MBMOniS CHT THB OKPABTMBNT OF AOBlCULerUBB, ICADtt&l 

Nodiog iQilk by train to distancea of 260 miles and withm 19 
boon from mi&mg to marketing was undertaken. Pasteurka* 
tion and the use of tin cans with wet gunny jacket was found to 
be the best method. Packing in mud pots was found to keep the 
milk cool and fresh. :6ut the pots have to be changed frequently. 

14. Miscellaneous investigations - — Among the miscellaneous 
investigations the foUowing may be mentioned : — 

(a) The ring disease of potatoes. 

(5) Organisms capable of destroying Amsacta caterpillar 
were isolated and field scale inoculation conducted. 

(c) The possibilities of controlling Fusarium wilt in paddy 
by saprophytes like Aspergillus niger were studied. 

(d) Cultures of bacteria capable of extracting oil from 
oilseeds were isolated. 

(e) Study of the retting of coconut fibre. 

16. Activated sludge plant . — When the activated sludge 
plant was first set up frequent inspections and examination of The 
effluent, etc., were made to ensure its efficient working. 

Field experiments to determine the manurial value of the 
sludge and effluent were conducted. It was found necessary to 
dilute the effluent with twice its volume of irrigation water to avoid 
scorching effect on paddy. 



CHAPTER 21. 

SYSTEMATIC AND ECONOMIC BOTANY. 

Early History— The Madras Herbariam— Botanieal surveys— 
Madras flora — Life history of herbarium crop plants — Seed eoliee- 
tions— Taxonomic ressareh — Exchange of specimens with foreign 
eeuntries— The Coll.ge Botanic Garden— Economic Botany — Seed 
testing— -Plant identification —List of new spe.ies identified. 

Introduction . — The Botany Section is one of the oldest in the 
Department of Agriculture and may, in fact, be termed as 
the mother of all the other sections, like the Paddy Section, the 
Cotton, the Millets, the Pulses and the Oilseeds. It had its 
beginnings in the Board of Revenue and came under the Agri- 
cultural Department in 1902, when Dr. C. A. Barber was put in 
charge as the Government Botanist. In 1912, Dr. Barber was 
appointed as the Sugarcane Expert and the Botany Sect on got 
bifurcated into two, one under the Government Economic Bota- 
nist for the improvement of crops like rice, cotton, etc., and thr 
other under the Government Lecturing Botanist for teaching 
Botany to the students of the iVgricultural College. The Economic 
Botanists’ Section was in due course, again split up into separate 
sections for each of the various crops like rice, cotton, millets and 
pulses, when the need arose for devoting individual attention to 
the improvements of these crops. In the Lecturing Botanist’s 
Section, various changes of designation and control took place, till 
in 1942 it came again under the control of the Government 
Lecturing and Systematic Botanist. This .section deals at present 
with all aspects of plant study other than those dealt with by 
the different crop specialists. These studies are mostly on the 
systematic study and the Botanical Gardens at Coimbatore and 
the Madras Herbarium are under the charge of the Lecturing and 
Systematic Botanist. 

The Madras Herbarium . — ^The herbarium has a histor\’ that is 
worth recording. It is older than the Botany Section itself and 
originated in 1874, through the efforts of Mr. M. A. Lowson who 
was then the Principal of the Presidency College, Madras, and 
was. a keen botanist himself. The herbarium was first located 
in Madras and then at Ootacamund, but as neither of these places 
proved entirely satisfactory for the pre8er\'ation of the herbarium 
specimens, it was finallv shifted to Coimbatore in 1909 with the 
opening of the nev;ly-built Agricultural College there. The 
collection contains at present more than 26,000 sheets of plant 
specimens, most of them authenticated by the Kew Herbarinm in 
Ltmdon. It is the second largest collection in India, the first 
being the one at the Sibpur Gardens in Calcutta and serves as 
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a very useful clearing house of botanical information for the 
whole of South India. The collection represents mainly the South 
Indian flora, though foreign specimens from countries like 
Ceyldn, Australia and even America are also received from time 
to time by way of exchange for Indian specimens sent to these 
countries. 

Plant identification forms naturally, the major item of work in 
the Herbarium and about 1.000 specimens are identified every 
year for various colleges and for private individuals. About 800 
new specimens are also added every year. 

Botanical surveys. — An ecological survey was carried out m 
1946 under post-war development schemes in three districts, 
Anantapur, Guntur and Coimbatore, to explore the possibilities of 
utiliz'ng the waste lands in these districts, after a study of the 
plant associations in these areas. Hindupnr taluk in the district 
of Ananatapur, was found to have the largest area of cultivable 
waste lands and the area was eminenflv suitable for cultivation, 
if only a supply of water was made available by sinking wells in 
suitable places. 

Systematic surveys and -floras. — Botanic survevs have been 
carried out from time to time by this section from the early years 
for collecting and studying the flora of different districts and of 
certain special areas like, for instance^ the high range evergreen 
forests of the Kunnikatti hills in Tirunelveli district at an eleva- 
tion of 6,000 feet above sea level. The floras of Tirunelveli and 
Bamanathapuram are now completed and await publication. An 
ecological survey of plants growing in the black soil areas of 
Madras State was made in 1930. Apart, from adding knowledge 
on the systematic side, these surveys have also yielded informa- 
tion of practical importance as can be gathered from the following 
instance : — 

Krusadi. — This is a small is land near the famous shrine of 
Kameswaram which is unique in having a type of vegetation 
that is entirely different from the mainland at Bameswaram and 
Pamban. This island was surveyed verv thoroughly and its flora 
has been written up with special reference to the ecological 
aspects. As a result of this survey, some potentially valuable 
grasses and forage plants suitable for saline areas, have also been 
secured, such as Sporobolus tremulus Kunth, S. orient alis Kunth 
and Atriplex giecies. A similar sim’ey of the flora of the chain 
of small islands adjoining Krusadi island in the Gulf of Mannar 
has also been taken up and is nearing completion. A botanical 
survey of the “ back-water ” areas on the West Coast, resulted 
in the discovery of some plants that are suitable for green manure, 
namely Rhizophora mucronata Lam., etc. 

It mav be recorded in this connection that the mater'al frppa 
which the flora of the Madras State was wrHten up bv Dr. 
J. 8. Gatnble, was supplied mainly frtim the Madras Herbarium, 
at Coimbatore. A beginning had been made in 1012 on this worit , 
and the first volume of the flora was published in 1915 whefl 
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Dir. Gamble was requested by the Government of India to under- 
take the task of completing this work. The several parts of the 
flora were published one by one and the seventh and last volume 
was brought out in 1925, after Dr. Gamble's death, l)y 
Mr. C. E. C. Ficsclier, of the Indian Forest Service and the 
completed work was published in July 1935 as a worthy memorial 
to the strenuous labours of a distinguished botanist. 

* Life-history * Herbarium of crop plants. — As no herbarium 
in an Agricultural Institution can be considered complete without 
a representative collection of agricultural crops at all stages from 
seed to seed, a life history herbarium was prepared in 1929-30. 
About 880 specimens representing 65 species of crop plants have 
been collected at different stages of growtli, with full notes on 
the size, shape and other characteristic features of the plants at 
each stage, its inanurial and water requirements and s milar 
relevant information recorded for each species. 

Seed collection. — In addition to the main specimen sheets in 
the Herbarium, there is also a collection of seeds of most of the 
plants of Madras, arranged according to Gamble’s Flora. This 
collection facilitates the identification of plants? in the absence of 
complete specimens with flf>ral organs, as often the frirts or seeds 
alone are received for identification and the seed collection in the 
Herbarium makes it possible to identify the parent plants from 
the fruit or seed material that is available. 

Economic Herbarium* — Although the Herbarium is fullv 
representative of the flora of Madras, still there are manv exotic 
species of plants that are of economic importance which do not 
find a place in the general collection. To facilitate ready reference, 
different economic gnnips such as cereals, pulses, oilseeds, vege- 
tables, green manures, forage plants, weeds, poisonous and 
medicipal plants, have been classified separately with full descrip- 
tions for each specimen sheet. This collection of economic plants 
is found to be of very great interest to all visitors and as .such 
seems to meet a real need. 

Taxonomic Research, — The systematic position of nearly 100 
new- species of plants has been studied and described bv veteran 
workers like K, Rangachari, C. Tadulingam and K, C. tTacob. 
A list of such new species will be found in Statement I at the 
end of this chapter. More recently, in 1944-47, a studv has been 
made on the morphological chaiacters of ciichrhit varieties 
collected from Tanfore, Malabar and Godavari districts among 
which one variety known bv the name of Vellarimathan from 
Malabar proved to be a distinct species, Cucurbit a maxima Duoh, 
and different from the great majority of the cultivated pumpkins 
of South India which belong to the species Cucurhita moschat^ 
Duch. Seeds obtained from an interspecific cross betwen 
C, moschnta Duch and C. maxima Duch were found to be not 
viable and colchicine treatment for inducing fertility througli 
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po^loidy WM also not saocessful. In the course of the study,- 
bowever, a new variety Cucurbita maxima var. Badagarensis has 
been distinguished and described. 

A good deal of the confusion that had existed between Acacia 
species, such as, for instance, between Acacia alba Willd and 
A. leucophloea Willd has been now clarified. No tomentose pods 
occur in A. leucophloea Willd as they do in ^4. alba Willd and the 
two species are found in well-defined regions without an} 
intermediate forms. 

Exchange of specimens and information with foreign coun- 
tries . — The exchange of botanical knowledge from one herbarium 
to another is helpful, both for internal development and external 
recognition. A beginning was made in this direction in 1929, by 
entering into an agreement with Canada, California, South Africa, 
Egypt, Russia, the Phillippines. Singapore and Scandinavia and 
specimens are being exchanged with these countries regularly. 

Botanic gardens . — The Botanical Garden attached to the 
Agricultural College. Coimbatore, was started in 1908 with the 
object of demonstrating to students the methods of maintaining 
ornamental gardens. There are nearly 300 species of various 
trees, shrubs and climbers in the garden at present, with a 
rockery and a green house for xerophytea and ferns. New plants 
are also introduced from time to time. The sale of seeds and 
seedlings of ornamental plants formed a major part of the revenue 
derived from the Botanic Garden. 

Economic Botany . — In view of the confused state in which 
the classification of banana varieties exists at present, where the 
same variety is often knovm by different names in different places, 
a systematic survey was taken up in 1930. and all available 
varieties collected from all over the State. These were planted 
and studied at Coimbatore as a result of which it was possible to 
reduce the 500 forms that were collected to 74 distinct varieties. 
PuH descriptions of these have been recorded from the time of 
planting up to the harvest stage and written up as a monograph 
for publication. A series of popular notes have also been published 
from time to time on the cultivation of bananas in different regions 
of Madras and other areas like Travancore and Mysore. 

Green manure and cover crops . — ^In the course of the 
systematic and ecological tours that were carried out by the 
Botany Section, it was also the practice to enquire for new types 
of plants that might prove useful as green manure crops, collect 
seeds and grow them at Coimbatore for observation. Of these, 
Cassia nigricans vahl, collected from Tirunelveli district was 
found promising. Another plant, Tithcnia diversiftAia A, Qray 
icompositce) was also found promising in the sandy areas near 
^fangalore. Trials were conducted with Kudzu vine (Pueraria 
hirsute, Scheid Benth and Tropical Kudzu (Pueraria phaseoloi^ 
Benth at Coimbatore and other centres like Ootacamund, Eallar 
and Burliar on the Nilgiris. P. hirsitta proved a failure tot 
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P. Phaseoloides was found to thrive in rainy localities like Manga- 
lore and Malabar. Phaseolus mb-iobatus Boxb, a leguminons 
forage and green manure crop, was found to grow very well in 
Godavari delta, South Arcot and Tiruchxrappalli. 

Cucumis pubescens Willd. — This is a plant that is found in 
Salem and in East Coast districts in which the nomenclature was 
somewhat confused, lioxbui'gh (18321 had described this plant 
as Cucumis madraspatanus Itoxb, which the Index Kewensis 
(1895) cited incorrectly as C. melo, which is the common v«iter 
melon. A note clarifying the nomenclature and describing the 
economic uses of this plant was pubhshed in 1941. 

Land reclamation and soil conservation. — A number of swampy 
and saline areas exist in the State which can be reclaimed in 
course of time provided suitable plants are made to grow there. 
The grass Brachiaria mutica Stapf, was found to be very useful 
for reclaiming marshy areas in addition to being a very good fodder 
grass. Similarly saline tracts, where nothing else will grow, can 
be turned into grassland by growing species like Chloris barbaia 
Sw., Chloris Bourriei Rang. et. Tad. and Sporobolus tremulus, 
Kunth. Other species like Pennisetum hohenackeri, Hochst, 
Cynodon plectoslachyum , Pilger, are very useful as soil binders, in 
the control of soil erosion. Clerodendron inerme, Gaertn. 
prevents soil erosion elfectively on sea-shores. 

Wild edible fruits. — As useful additions to the list of common 
and usually expensive fruits like oranges, mangoes and apples, 
etc., a survey of wild fruits was made in 1940 and a list of 68 
plants, where the fruits are edible, was published. 

Seed testing. — Numerous seed samples are received for testing 
their viability and this forms one of the items of work whereby 
the Botany Section is of service to the Department as well as the 
general public. 

Exotic plants. — Though plants from other regions and 
countries are being introduced ever since the section was opened, 
a specific scheme was started in 1947 to test new introductions in 
selected areas of different rainfall and altitudes. Four stations, 
Anakapalli and Aduthurai on the plains and Ootacamund in the 
hills with medium rainfall and Wynaad with heavy rainfall were 
selected. About 25 species were tried of which the following have 
heen found promising : — 

(1) Ochroma lagopus, Sw. Balsa or Aeroplane wood for 
floats, buoys, and aeroplane frames. 

(2) Salix species for cricket bats. 

(3) Ramie (Boehmeria nirea HK. & A). This Urticaceous 
plant yields a very strong fibre. 

( 4 ) Geraniums for perfume-making essential oils. 

(6) Mentha piperata, Linn, for menthol extraction. 

Research , — ^Among the research problems that have been 
taken up for investigation in the Botany Section may be mentioned 
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the following : (1) Stomatal distribution in cotton flowers. 
Stomata have been observed on bracts, calyx, anthers, epidermis 
of the ovary, styles and even on the non-bearing portion of the 
stigma. In the green parts of the flower, viz., the bracts and calyx 
and the epidermis of the ovary, the stomata were functional just 
as in the leaves (1923). (2) Pollen sterility in relation to vegeta- 

tive propagation. In the process of cultivation, vegetative methods 
of propagation have been evolved for a number of plant species 
and this has been found to give rise to pollen sterility, which is 
observed to be rather a regular feature in plants that are as a rule, 
propogated only \egetatively, as for example in Thespesia 
pcpulnea Cav. (3) Bud and boll shedding in cotton. A preliminary 
attempt was made as early as 1923 to unravel the nature of this 
shedding of buds and boils in cotton. (4) The spike disease of 
sandal was another problem that was investigated as early as 1924. 
It was shown that the disease is a physiological disorder brought 
about by an untavourable host-parasile • relationship leading in 
water deticieuoy lu the parasitic sandal plant. 

A list of books and other publications emanating from the 
Botany Section is furnished in Statement 2. 


Statement 1. 

List of New species from the Botany Section. 

1 Aerides r ingens, C. Fisoh. 

2 Agrostis schmidii, C. Fisch. , 

3 Araphilophis foulkesii, C. Fisch. 

4 Amphilophis pseudoischeaemum, C. Fisch. 

5 Arisaema bamesii, C. Fisch. 

6 Arisaema tuberculatum, C. Fisch. 

7 Arisaema tortuosum schott, var. neglect um, C. Fisch. 

8 Arisaema translucens, C. Fisch. 

9 Arisaema tuberculatum, C. Fisch. 

10 Arisaema tylophorum, C. Fisch. 

11 Arthraxon villosus, C. Fisch. 

12 Arundinella setosa, Trin, var. lanifera, C. Fisch. 

13 Ascopholis gamble!, C. Fisch. 

14 Avenastrum asperum, C. Fisch. 

15 Actinodaphne tadulingami, Oamb. 

16 Belos 3 mapsi 8 epiphytica, C. Fisch. 

17 Belosynapsis vivipara, C. Fisch. 

18 Biophytum longibracteatum, Tad & Jr^c. 

19 Buli^stylis puberula Kimth, var. graoiles, C. Fisoh. 

20 Oaralluma s&dagmifera, C. Fisch. 

21 Carex lindleyan^ Nees var major, C. Fisch. 

22 Carex llndleyana Nees var meroarensis, C. Fisoh. 

23 Centratherum rangaoharii, Qamb. 

24 Chionachne semiteres, C. Fisoh. 

25 Chloris boumei, Kang A Tad. 

26 Chrvsopogon haokelii» 0. Fisoh. 

27 Coelaoime meeboldii, C. Fisoh. 

28 Coleus vertiveroides, K. C. Jaoob. 

29 Commelina jaoobii, C. Fisch. 

30 Cr 3 rptooor 3 me oiliata, Fisoh. 

81 Cryptoooryne spiralis, Fisoh. 

32 CynOdon barberi. Bang A Tad. 

32a Cucorbita maxima, Duoh, var. badoffaraisis, Mudarliar, C. R. 

33 Cynodon dactylon Pers. var. intermeditiSt C« Fisoh. 
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34 DfJndrobium aphyllum, C. Fiach. 

85 Dimeria avenacea, C. Fisch. 

36 Dimeria bialata, C. Fisch. 

37 Dimeria lawsoni, C. Fisch. 

38 Dimeria karumthotticalana, K. C. Jacob. 

39 Dimeria kiinj irapallilona, K. C. Jacob. 

40 Disporum leschenaiiltianum D. don var. angustifolium, C. Fisch. 

41 Eleochans choetaria R, Sc 8. var, sub-vivipara, C. Fisch. 

42 Eragrostis diarrhona Stand var, Koenigii, C. Fisch. 

43 Eriocaulou comcum, C. Fisch. 

44 Eriocaulon ensiforme, C. Fisch. 

45 Eriocaulon gamblei, C. Fisch. 

40 Eriochrysis rangachurii, C. Fisch. 

47 Eulophia cullenii, 0. Fisch. 

48 Eulophia epidendraea, C. Fisch. 

49 Ficus anghuiei, C. Fisch. 

50 Fimbristylis aggregate, C. Fisch. 

51 Fimbristylis bisum bellata Bui var, hirtistyla, C. Fisch. 

52 Fimbristylis contorts, C Fisch. 

63 Fimbristylis dichotoma vahl. var. viUosa, C. Fisch. 

54 Fimbristylis narayanii, C. Fiseh. 

65 Fuirena puboscens Kunth var. pergamentacea, C. Fisch. 

50 Habenaria digitata, var. gibsoni, C. Fisch. 

57 Habenaria digitata Lindl. var. travanconca, C. Fisch. 

68 Hopea jocobi, C. Fisch, 

59 Impatiens aliciae, C. Fisch. 

60 Impatiens anaimudica, C. Fisch. 

61 Impatiens neo-bamesii, C, Fisch. 

62 Impatiens coelotropis, 0. Fisch. 

63 Impatiens dendricola, C. Fisch. 

64 Impatiens laticornis, C. Fisch. 

65 Impatiens neo-barnesii, C. Fisch. 

66 Impatiens nilgirica, C. Fisch. 

* 67 Impatiens platyadena, C. Fisch 

68 Isachne angladei, C. Fisch. 

69 Isachne bourneonim, C. Fisch. 

70 Isachne meeboklii, C, Fisch. 

71 Isachne setosa, 0. Fisch. 

72 Ischaemum rangacharianum, C. Fisch 

73 Ischaemum timorenae, Kunth. var, v'illosum, C. Fisch. 

74 Lagenandra moeboklii, €. Fisch. 

75 Mauisuris acuminata, C. Fisch. 

76 Manisuris forficulata, C. Fisch, 

77 Melanocenchris monoica, C. Fisch. 

78 Mierostylis densiflora, C. Fisch. 

79 Ochlandra scriptoria, C. Fisch. 

80 Ochlandra wightii, C. Fisch. 

81 Pavonia ooxii. Tad Sc Jac. 

82 Pilea kmgii, 0. Fisch. 

83 Pouzolsia wight ii,Jlenn. var, caudata, C. Fisch. 

84 Pouzolzia wightii Benn. var, lawsoniana, C. Fisoh, 

86 Pouzolsia wightii Benn. var, scabra, o. Fisciu 

86 Khynchostylis iatifolia, C. Fisch. 

87 Saooolabium pulcbellum, C. Fisch. 

88 Soirpus jacobi, C. Fisch. 

89 Senecio ansteadi. Tad & Jac. 

90 Sida beddomii, K. C. Jacob. ^ 

01 Sonchus aemakadensis, C. Fisch. 

92 Sonchus tinnevelliensis, C. Fisch. 

03 So^hum siapfii, C. Fisch. 

94 Temostach 3 rum beddomei, C. Fisoh, 

95 Tripogon pungeens, C. Fisoh. 




PART ni 

CHAPTER 22 

CHOP PESTS. 

The growth of economic Entomology— Life history and methods 
of control of pests of the following crops : — Rice, Sorghum, Ragi, 
Pulses, Vegetables, Fruits, Sugarcane, Cotton, Coconut, Groundnut, 
Castor, Betelvine, Agathi, Tobacco, Coffee, Pepper, Cardamom, Pests 
of stored products— Cattle and household pests— Biological method 
of control— The prickly-pear cochineal— Indigenous insecticides— 
Eel worms— Pest control methods — Preventive and curative aspects 
—Mechanical, chemical and biological methods — Parasites — 
Precautions in the use of insecticides— Legislation— The several pest 
Acts— Plant quarantine regulations — List of crops, their Pests and 
methods of control. 

Introduction . — Hesearch ni tbe field of economic entomology 
was lirst initiated m this State during the year 190G on a modest 
scale with a stall; of one Assistant, who worked under the control 
of the Chiverninent Botanist, 'fiie pioneer work was so full of 
promise that the organization ol a st^parate bianch was very soon 
contemplated and the proposals bore fruit before long m the shape 
of an indeiK-Uideiit section by 1912 under the Government Entomo- 
logist. The main object ot this organization was to make a compre- 
hensive study of the iiibcct [iroblems of this Slate and devise suitable 
methods of ccmtrol. The first few }ears had necessarily to be 
devoted to a general survey of the insect fauna of South India with 
special attention to the economic forms, the building up of a 
representative reference collection, the study of their life-history 
and habits and devising suitable methods of control, wherever 
possible. 

While the importance of the basic knowlt‘dge accrued during 
this period cannot he over-csii mated, the practical solution of the 
various insect problems pixned to i>e altogether a different matter. 
The suddenness of outbreak of tlie pests along with their incidence 
in out of the way orners of the State and the rapidity with 
which damage was done rendered progress necessarily slow. The 
localities had to be visited year after year and guided bv the gradu- 
ally accumulating experience, control methods mostly of a mechani- 
cal nature, were devised and tried. The section also kept itself 
abreast with the development and expansion of plant protection 
work in other countries and the use of arsenical poisons and contact 
insecticides slowly came into vogue. Along with the evolution of 
control methods, their actual transmission to the ryots was also 
kept in sight. In cases where such methods had to be practised 
on a vast field-scale, the aid of the Pest and Diseases Act which 

B . M .——68 
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was introduced in 1919 was also invoked. The subsequent line of 
activity, initiated probably for the first time in this country was 
the study and exploitation of beneficial insects like parasites and 
predators for the biological control of crop pests and considerable 
progress has been made in this line. Another outstanding achieve- 
ment was the contribution made towards the development of Bee- 
keeping as a fiounshing and popular cottage industry in SoutJi India 
as we find it to«day. 

With the outbreak of the World War II by 1939 and the con- 
sequent non-availability of imported insecticides, attention was 
diverted to the possibilities of using some of the indigenous vegeta- 
ble f)oisons against insects and the high insecticidal potentialities 
of some of those drugs came to light. And almost in the wake of 
the successful terminaticm of the war, the country was faced with 
a serious food deficit. Tlie Government had, therefore, to adopt a 
policy of stocking enormous quantities of foodgrains either pro- 
cured locally or imported from abroad and Jiold them in reserve 
to ensure a regulated supply to the public. The evolution of eflS- 
cieut methods of conservation of the foodgrains against ravages 
of their special insect pests is one of (he major contributions of the 
section towards solving the present food problem in the country. 

In recent times, the availability and adoption of the two new 
wonder insecticides — DDT and IMIV — have practicahy revolu- 
tionized plant protection in the State. The chemicals produced 
spectacular effects against many a |)est, control methods for which 
were either imperfect or non-existent so far. At the present rate 
of development, there is reason to hoj)e that the control of crop 
pests would soon cease to be a serious problem. The recent organi- 
zation of a separate Plant Protection Service during 1949 came in 
as a happy coincidence witli the above developments and lias given 
the necessary fillij) to the active fxipularisalion nf the control 
methods among the ryots. 'Phe system of sup[)lying the chemicals 
at subsidised rates for food crops has served as a further incentive 
to the ready adoption of the departmental advice on a scale unprece- 
dented in the annals of the department. Findings of interest, 
either in the systematic or economic aspect, have been published 
from time to time in short papers of which the section can claim 
about 300. The following aie the important insect pests found in 
Madras State in the order of crojis which they infest : — 

1. Eice. 

The swarming caterpillar of rice (Spodoptera mauritia, B.).-— 
This is one of the most serious pests of rice occurring throughout 
the Oriental and Australian regions. In South India, it is preva- 
lent in almost all the rice-growing areas but is chronic in parts of 
the West Coast and the Northern Circars. delate 110.) 

Eeports about the incidence of the pest are on record from the 
very inception of the section. In earlier years a detailed study 



M(nw GJirMsun ( 

fO » Kl ACtt COSY «* to/- 


P. 900 


ridti 110. 1 . Th' awannhuj catt rpillar of puddj ~ 

S]>ovl<»]>tora iiiauutia, B. 




MBMOIBS OF TBE DBPAKTMENT OF AGKICULTURE, MADBAS W1 

of the life hiBtory and habits of the pest was made. The cater- 
pillars appear in swarams invariably on the seed-bed and occasionally 
on the transplanted crop as well. The female lays hundreds of 
eggs in small masses on wild grass and rice plants and covers them 
with a layer of bulf-coloured hairs. The caterpillars hatch out 
in three or four days and usually escape notice. They feed on the 
crop mostly during nights and the damage itself is noticeable only 
at the time when the caterpillars attain full growth and are most 
destructive. The larvae get mature in about 20 or 25 days and 
pupate under the soil from w^hich the adult emerges in the course 
of 10 or 15 days. The pest is kept under check to a certain extent 
in nature by a few hymenopterous parasites like Charops dominans, 
W., Apanteles reficrus, Hal., Ghelonus Sp., Euplectrus uplexiu' 
Koh., and dipterous parasites such as Cyphocera varia, F , Siunniu 
bimaculata, H., Tachina fallax, M., Actia cegyptia, V., and 
Pseudogonia cinerascens , li. Besides the common duck, a iiurnbei 
of other birds are also known to feed on the caterpillars among 
which may be mentioned the common crow, Corvus splendenR, V., 
the jungle crow, Corvus macrorhynchus , W., the cattle Egret 
(Bubulcus ibis, L.), the paddy bird Ardeola grayu, 8., the v\Jiite 
breasted water-hen {Amauroruis phatnicurus , P.), and the common 
mynah (Acidotkeres tristis, L.). In some cases a bacterial disease 
has been found to set in on the grown up caterpillars and decimate 
them. 

Alternative host plaiits , — Besides on rice, the pest has also been 
found to breed on a variety of hill grasses like Panicum setigerum, 
P, javanicuni, etc., m parts of Malabar, Palur and Hosur. The 
caterpdllars have also been noted to feed on barley, wheal and maize 
in other parts of India. 

Control . — One of the methods of control advocated till recently 
was flooding the infested fields with water, which may be practica- 
ble only in the case of nurseries. The caterpillars are forced to 
come out of their hiding places and collect themselves on the top 
portions of the plant, from where they can be either swept or 
collected and killed. Letting in ducks, where they are available, 
has been found to afford a definite relief. The dispersal of the 
caterpillars to uninfested areas ]s prevented by digging trenches 
right around. Trials with arsenical poisons like Paris green, 
calciuni and lead arsenates, etc., have met wdth only partial 
success. 

Kecently, dusting with BHC D-025 at the rate of 20 lb. per 
acre appears to have practically revolutionized the crude methods 
in vogue and large quantities of the chemical are now being used 
by cultivators for the control of the pest. The cost of treatment 
IS Rs. 7 or Rs. 8 per acre. 

The rice grasshopper (Hieroglyphus banian Fabr). — This is 
another serious pest, which has been engaging the attention of the 
section ever since 1912. There is also evidence to show that the 
serious nature of these hoppt^rs have been felt as long ago as 1890. 

A-M. — 69 
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Two distinct species are concerned in the damage but the major 
one is Hieroglyphus banian, Fabr. li has been noted in almost all 
the rice growing areas of this State but its annual occurrence is res- 
tricted to parts of Malabor and Northern Circars. The life-history 
of the pest is briefly as follows : The adult inserts her eggs in small 
masses under the soil at a depth of two to four inches during 
October-November. These egg-masses are enclosed within a mem- 
branous sheath so as to protect them from the adverse effects of 
moisture and heat. The eggs remain under the soil till the next 
summer. The embryonic development commences with the onset 
of the first summer showers and the nymphs hatch out with the 
outbreak of the monsoon during June-July. They first feed on 
the grasses growing on the bunds and subsequently transfer their 
activities to the transplanted crop. The more destructive stage is 
reached hy October, when the crop is in shot-blade. Most of the 
nymphs develop into adults by this time and they have the peculiar 
habit of cutting down the side leaves and also gnawing at the base 
of the flag-leaf. The injury thus caused cuts off the supply of 
nutrition to the developing ears as a result of which they are either 
unable to come out or get distorted in shap«^ The adults, after 
causing enough injury, mate and oviposit on the nearest bund and 
perish. There appears to be only one brood during a season. In 
severe years, the loss may be as high as 75 per cent but the average 
will be somewhere about 10 — 15 per cent in the infested areas. 
(Plate 111.) 

Alternative host plants. — The pest also occasionally occurs on 
sugarcane and millets on a serious scale. The nymps feed on a 
variety of grasses growing on the bunds in paddy fields. 

Nafufal enemies . — I’he following natural enemies have been 
recorded to attack this pest. A few birds such as the Indian Roller 
iCoracias benghalensis , L.), the'Brahminy Kite (Haliastur indus, 
B.), the Pariah kite (Milvus migrans, B.), the comon crow {Corvus 
splendens, V.), the mynah (Aeridotheres tristis, L.) and the King 
crow (Dierurus macroeercus , Y) have been found preying on the 
hoppers. Certain species of the frog — Rana, the common water 
snake — Tropidonotus piseator and jackals also form some of the 
other vertebrate predators of this pest. Grubs of the blister beetle 
— Mylabris pustuhta T. have been noted (1915) to feed on the egg 
capsules. Parasitisation by Scelio sp. (Scelionidae) is a solitary, 
instance of beneficial activity by Hymenoplerans in this case. Two 
species of Nematode.s Gordius sp and Mermis nigrescens, D. infest 
the pest and are found to inhibit the reproductive activity qf Ixith 
the sexes. In parts of Circars instances of dead hoppers infested 
by a species of fungus have been recorded. These were found dead 
and firmly attached to rice stalks by mycelial threads, especially 
after the rains. A small reddish mite, probably Tromhidium sp. 
causes a certain amount of mortality among the adults. In spite of 
the vast array of natural enemies, even their cumulative effect ha« 
al no time been known to appreciably reduce the severity of danutge 
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caused by the lioppers. Mecliaiilcal methods of control like tlie use 
of hand-nets against the njinphs l'(u‘ding on the bunds were first 
tried. In some localities, the hoppers are carefully driven to a 
convenient comer of the lields, where a tem[>orary screen is impro- 
vised and art) subseiiuently beaten to death. Theoe crude and 
laborious methods failed to create any ini[)ression on tlie ryots. 
Trials with arsenical poison baits and sprays were equally futile. 

A more rational method of scrajung the tmiuls immediately after 
harvest, when they are moist, with the obj(‘ct of cutting and exjxis- 
ing the egg-masses, was demonstrated on a large scale during 
1927-28 but the results were not at all impressive. BHC dust even 
at a low (‘oncentiation of 2 per cent was found capable of causing 
the entire annihilation of the (lest. Twenty fKUinds of the standard 
concentration BllC ]).025 costing Its 7 to 8 are required to treat 
an acre and its u.s(‘ has since become exceedingly popular in areas 
wdiere the incidence is chronic. 

The rice hiuj (liCptocorisa acuta, T). — Tliis is another pest 
which has been under investigation from the year 1912 onw^ards. 
The adult is a fairly big-sized greenisb-Nellow insect with long 
legs and iiossessing a [leculiar buggy odour. It has a wide distri- 
bution 111 flic State but IS very se\crc in [larts of C’oimbatore and 
tlie West (’oast Tlu» bugs appear m swariUb on the ricc ear-heads 
at the milk> stage and suck up the juice from the tender grains. 
The attacked grains bccuiiie chafVy and the loss is sometimes 
serious. The bugs art‘ not capable of causing any damage after 
the gram lia\e sot and hardened. tPlate 112.) 

T1k‘ female lays hci brownish s(‘e(l-like eggs in rows of 10 to 20 
on the h‘af blade. The slender n}mphs hatch out in about a week 
and begin to fc(‘d stJMiglUaway. lliey develop into adults in about 
a fortnight. The hugs feed on a number of wdld grasses during tlie 
oU'-season. A tiger beetle Cicmdela stwpiDiclula, L., Las been 
found to be predatory on these bugs. 

Co)iirol.— T\\ii period of infestation being short, a systematic 
hand-netting and destruction of the bugs was found quite efficient. 
An acre can be covered b\ four or five men in the course of two or 
three mornings and as such the cost would be within the reach of 
the average ryot. Kecenl advancement in the control methods 
consists of the use of BHC D.025. The chemical even at a low 
strength of 2 per cent has been fouiHl to exterminate the pest in 
the course of a few^ hours and the method has passed the experi- 
mental stage. About 20 lb. of the dust costing Bs. 7 or Es. 8 may 
be required for an acre. 

The climbhKj cutirorn o1 rirc ((’irphis albistigma, M.). — This 
is a serious pest of fodd(*r grass, but npfH^ars m destructne propor- 
tions on rice during certain years. Bnnilar to the swwming cater- 
pillar in general features and habits, it has l^ecn recorded from tin* 
Coromandel and western tracts as well as some central districts 
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of this State, though not in as serious a form as Spodoptera. On 
rice the pest usually makes its appearance in January-February, 
May and October. 

The adull is a dark-brown rtout insect, the male being provided 
with a more prominent tuft of hairs at the tip of the abdomen. The 
female lays her eggs usually within leaf sheaths, leaf folds, etc. 
The caterpillars hatch out in four to five days and pass through 
a series of moults before pupation. Tliey are soft bodied, smooth, 
cylindrical and short, appearing in swarms and climb the plant and 
cut off the earheads. The average life cycle from egg to adult lasts 
for about 32 to 43 days. 

A number of natural enemies have been observed to take their 
toll of the pest. These include crows, ants, some Tachiiiid para- 
sites like Actia mantkola, M., Cyphocera, F., and Stunmu 
inconspicuoides, B., the liracomd Meteorite sp. and the Ichneumonid 
Xiuithopimpla sp. 

Control . — Trials with Paris green, calcium arsenate, poison- 
baits, light traps, etc., proved of no avail. Mechanical measures 
like collection and destruction are impracticable. The latest method 
is dusting 13HC J.).025 dust as in the case of the army worm and 
this is being populai ized wuth a remarkable degree of success. 

The Rice Ilispa (Hispa armigera, OL ). — This is a small bluish 
black beetle provided with a series of short spines all over tlie body. 
It has been reported from the West Coast, Salem, North Arcot and 
the (-Ji’cars from the year 1915 onwards. Only young crops and 
nurseries arc subject to the attack of this pest and both tlie adults 
and the young ones are respiuisible for the damage. (Plate 113.) 

The life-history of the pest is liriefly as follows : The eggs are 
inserted between the upper and low^cr surface of the young leaves 
near the tip, and the grubs on hatching burrow into the tissue and 
feed on the green matter. The attack is invariably characterised 
by the blistered patches on the leaf-tips. The grubs pupate in the 
same burrows. The adults also feed on the plant and their damage 
is characterised by the parallel wdiite streaks of the leaf surface. 
The control measures tried and advocated so far lay in band-net- 
ting the adults as well as clipping the tips of the affected plants. 
Spraying with the then available stomach poisons has been reported 
effective though somewhat costly. Kecently dusting with BHC 
D.025 at the rate of 20 lb. per acre has given very convincing 
results. 

The spotted rice jassid (Nephotettix bipunctatus, F). — These 
are small active wedge-shaped insects, about 5 mrn. in length, green 
in colour and the male.s have two prominent black spots on the 
forewings. The bugs have not been recorded on a serious form till 
recently in this State but it was notorious as a bad j)cst in Madhyft 
Pradesh, Bihar and Orissa from 1919. The pest flared up suddenly 
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duriog 1946 m parts ol‘ North Arcot and assumed more serious 
proportions during 1948 devastating vast areas in parts of Tanjore, 
Tiruchirappalli, balem, South and North Arcot, Madurai, Tirunel- 
veii, Coimbatore and Cliittoor. But the extreme severity of the 
incidence was restricted mostly to tracts where rice is grown under 
well-irrigation and the damage itself was confined to young crops 
about one or two months old. Scores of the bugs can be seen rest- 
ing on the plants and the crop ultimately withers away as a result 
of the enormous dram of the cell-sap. The ryots had, in many 
cases, to plough up the infested fields out of sheer helplessness. 
(Plate 114.) 

The female inserts her eggs into the lower leaf-sheath and the 
individual egg-laying capacity may extend from 24 to 34. The 
nymphs hatch out within four or five days and reach the adult 
stage within 20 days. They are ready for egg-laying in the course 
of another ten days. The bugs also breed on a few wild grasses 
during the off-season. 

ControL — A systematic hand-netting of the bugs and settmg up 
of light traps, to which they are attracted in their thousands, were 
till now advocated. In recent times, however, the use of DDT has 
been found very successful in controlling the pest. The chemical, 
applied either as dust or spray exterminates the pest withm a cost 
of Rs. 6 to Rs. 10 per acre. 

The etriped bug of rice (Tetroda histeroides, F). — These bugs 
were first recorded in a serious form in Tiruchirappalli district 
daring 1926-27 and have since become almost chronic to the area. 
More recent reports show that the pest has spread to parts of 
Coimbatore and North Arcot. The adult is fairly big-sized, dark 
brown with a prominent V-shaped mark on its back. The eggs 
are cylindrical in shape and are laid in row^s along the lower surface 
of the leaves. The njmplis hatch out within a week and develop 
into adults in 40 to 50 days. The adults and nymphs generally 
hide in the lower portions of the plant and suck the sap. t Plate 
116.) 

Altermtive host plants. — This bug has been found to feed occa- 
sionally on shoots of jack (Artocarpus mtegrifolia) and rarely on 

sugarcane also. 

Ncturai enetnies. — A Chalcid — Anastatus colemani — ^and an 
unidentified Braconid has been recorded as egg parasites. 

ControL — ^Hand-netting as well as spraying with contact poisons 
like crude oil emulsion, fish oil, rosin soap, etc., w’ere of little or 
no avail. The damage was so serious during certain years that 
there was no other alternative except to suggest a temporary cessa- 
tion of growing of rice in these areas until the pest was definitely 
Starved out. Ducks were noted to have a voracious appetite for 
&ese insects. In recent trials, BHC was found t6 give sj^tacular 
results against this pest, the concentration of the dust varying 

AM.^10 
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according to local conditions. A lower strength of 6 per cent appean 
to be quite ehective under dry conditions, white a 10 per cent 
strengtn is necessary wneu mere is water stagnating in me field. 
Tnere is, however, a more convincing mortality when me bugs are 
directly iiit by BHC spray at U-1 per cent strengm. Anomer bug, 
8eotinupiu)ra luriaa, a., which is often lound m association wim 
Tetroda kisteroides, h'., requires a similar treatment for its control 

The rice thnps iThrips oryzae, W .). — This is essentially a pest 
of the nurseries and occasionally causes severe damage under 
certain conditions. Its incidence is common practically m ail rice 
growing areas and is on record from 1025 onwards. The adults 
and nymphs lacerate the tender parts and suck up the plant sap 
causing me rolling and fadmg of the leaf tips. Eggs are mserted 
inside the tender leaves and me nymphs, on hatchmg, leed on me 
plant sap and develop wings in couise of time. The pest does not 
appear to be serious as it invariably disappears alter some sharp 
showers. Spraying with tobacco decoction eflectively controls the 
pest. Kecently spraying with DDT or BHC at 0-1 per cent 
strength has given equally convincing results. The experiments 
with the synthetic chemicals were conducted under, a special 
scheme — ^Di)T and BHC scheme — sanctioned by me Indian 
Council of Agricultural liesearch. (Plate 116.) 

2' he lesser grasshopper of rice (Oxya velox Fb -), — This is a 
small greenish insect, with a yellow longitudinal stripe on eimer 
side. It often takes to nee, devouring the leaves and occasionally 
gnawing at the bases of the maturing earheads, which either dry 
up or break down on account of the weakening below. The habit 
of this insect is an interesting example, where insects show a 
remarkable adaptabihty to the environments. Under dry surround- 
ings, the parent lays the eggs in masses in the soil, but under wet 
conditions, it prefers rice stubbles, grass clumps, leaf folds, etc., 
well above the water level. A gummy and frothy liquid is subse- 
quently extruded, which on drying serves as a brown-coloured pro- 
tective layer over the egg-masses. The egg period lasts from 15 
to 41 days according to the .season and the adult stage is reached 
after six or seven moults. 

This species has also been recorded on sorghum, sugarcane and 
maize in company with the Rice grasshopper— //tcroglppfeus banian. 

Among natural enemies, Hymenemterous egg parasites, viz., 
Scelio oxyae, G. (Proctotrypidae) , Scelio sp. (Scelionidae) md 
Tumidiscapus oophagus, G., Anastatus coimbatorensis, G., and 
Axitnopsis ovi, G. (Chalcidae) predominate. The common mynah 
Acridotheris tristis and the Indian Wren warbler (Prinia inornttta^ 
S.) also feed on this insect. 

Control measures. — ks this is generally a minor pest flaring up 
into prominence occasionally, hand-netting the adults and nymphi 
was the only feasible remedy suggested. BHC 5 per cent has iMNHi 
equally effective against this pest also. 






Plate 117 . — The paddy at em-borcr — Schasnobiiis incertt'lluH, Vr. 
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The rice stem-borer (Scbcenobius incertellus, W.). — This borer 
is distributed in almost all the tropical and sub-tropical regions 
where rice is grown and considerable work has been done in China 
and Japan also. So far as this State is concerned, the pest has 
been a problem from the year 1906 in the Northern Circars, Ceded 
districts, Jlamanathapuram, Tanjore and Malabar and still conti- 
nues to be a major one. Considerable data have been gathered on 
various aspects like the seasons of occurrence, the main broods, 
natural enemies, etc. (Plate 117.) 

Eggs are laid in small masses on the leaf-blade and are covered 
with buff-coloured hairs. The caterpillars hatch out in five or six 
days, bore into the central shoot and feed on the tissue. The effect 
of the intemardamage is indicated by the withering of the central 
shoot in the case of young plants, while in later stages, n is evinced 
by the white ears. Only one caterpillar is found inside a plant and 
the larval stage extends from four to five weeks. Pupation takes 
place inside the bored tunnel and the adult emerges out in about 
ten days. 

General observations go to show that a major emergence of the 
adults takes place immediately after the harvest of the first crop. 
The moths lay their eggs on the seedlings of the succeeding crop 
and their progeny infests the young plants. The next brood attacks 
the crop in its grown-up stage causing the characteristic white ears. 
While this is the general trend, there may be considerable over- 
lapping of the broods as well. The damage is often computed 
to be heavy during certain years. 

Natural enemies. — The following Hymenopterous parasites have 
been bred out of the egg and larval stages of this pest, Anrnuro- 
morpha schoeuobii, V., Ischnojoppa luledator, F., Goryphus maeuli- 
pennis, C, Tropobracon indirus, K, Apanteles sehoenobii. W. and 
Microbracon sp. , have been recorded on the larvae while Tetraslichus 
sohoenobii, F, Trichogramina minutnm, R, Telcnomus benefieiens 
have been reared out of the egg-masses. 

tontrol. — The earliest methods tried were a systematic elimina- 
tion of the egg-masses in the nurseries and a close cutting of the 
crop and sometimes burning and flooding of the stubbles also. 
These measures not being very' successful, attention was later con- 
centrated on the use of the light trap. These traps did attract 
large numbers of the moths, most of them gravid females and the 
magnitude of the catches were proportionate to the intensity of the 
light. The range of attraction by an ordinary hurricane lantern 
was about 100 yards. In spite of these interesting data, the method 
was not found to confer any appreciable relief. The current investi- 
gations consist of spraying BHC and DDT at the critical periods 
of tire emergence to see whether the young caterpillars hatching ont 
of ttie ^gs are affected by the residual effects of the si»ay. The 
studies are in piogresi 
TOa 
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The rice caseworm (Nymphula depunctalis. Or.), — The adult 
is a small delicate moth iiaviog white wings speckled with pale 
brown mariungs. Tlie pest is severe on young rice crop under 
swampy conoiuons and occurs cummooly m parts of West Coast. 
The caterpillars are slender, greenisli m colour and about hal{ an 
inch m leugtli. They have the habit, of cuitmg the leaf blades 
mto short lengths and constructing tubular cases. They remam 
inside these roils and feed on the lohage. These caterpillars are 
semi-aquatic m habits and are able to breathe under water. 

Control measures. — The approved method is to dislodge the 
caterpillars from the plants by passing a rope or some thorny 
branches over the mlested held and to drain away the water later 
along with the caterpillars. The addition of a small quantity of 
kerosene to the water has been reported to kill the caterpollars. 
Kecently spraying with IfDT has been reported to have given 
successful results. 

The rice mealy bug (Bipersia oryzae, Or.). — The insect is 
a mealy bug generally found in numbers inside the leaf-sheaths. 
The adults and the young suck up the nutrition from the plants 
and retard their growth. The earheads get smothered and t heavy 
loss 18 often caused. The pest is prevalent in Tiruchurappalh, 
balem, Tanjore, Malabar, bouth Arcot and parts of Coimbatore 
from 19U11. Eggs arc laid in groups under a mealy covering and 
the maximum egg-laying capacity has been recorded as 319. The 
nymphs which hatch out from almost witfun a minute up to 24 hours 
move about for a few days and get attached to some succulent 
portion of the plant within the leaf-sheaths where they attauih 
themselves more or less permanently. The nymphal period extends 
from 17 to 35 days. The pest ha.H been recorded to breed on 
the grasses growing on the field bunds during the oil-season. The 
young nymphs move from these grasses to the seedlings in the 
nursery and the infestation is inadvertantly carried to the field 
along with the seedlings and ei^hibits itself at a later stage of the 
crop. 

Alternative host plants. — The following varieties of wild grasses 
serve as breeding grounds of the pest. Andiropogon annulatuSt 
Apluda varta, Chloris barhata, Cymbopogon caesitu, Cynadon 
dMtylon, Digitaria sangumalis, Eleusine acgyptiaca, Eragrostii 
inter rupta, Eriochloa polystachyia, Isachne australis, Isehaemwn 
ciliare, Iseilema laxum, Leptochloa chinensis, L. polystachyia, 
Panicum coionium, P. javanicum, P. prostratum, P. refens, PatpO- 
lum scrobiculatum, Saccharum spontaneum and Seiaria gUtuoa, 
In addition to these Cyperus rotundas, Fimbristylis arganUa, 
F. miliacea, F. tenera and Juncellus pygmaeus belonging to CypetSi- 
ceae have also been noted as alternate hosts. 

Natural enemies. — A few unidentified Chalcids, ladybirds aiul 
m Agromyzid fly have been found as natural enemies of pert 
but not in such numbers as to exercise any effective ehedf ott ik 





I’latc 118 — JlaU. 
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Oontroi.—Tho inacoessibility of the pest to any form of direct 
treatment coupled with the wide range of alternative hosts render 
tibe control of the pest a particularly difficult problem. Destruction 
of the infested plants was recommended as a palliative. A more 
rational method of scorching the bunds of the nurseries prior to 
Bowing with the idea to eliminate the initial infestation, has been 
under trial from the year 1940, but the incidence of the pest has at 
no time been so serious as to assess the merits of the treatment 
correctly. Observations on the varietal susceptibility (in Tanjore) 
indicate that the short crop ‘ kunivai ’ invariably escapes the 
damage, while the main crops of ‘ samba ’ and ‘ thaladi ’ get the 
worst attack of the pest. The application of DDT and BHC has 
not given any encouraging results. The problem is under study 
and a definite method of control is yet to be evolved. 

The rice gall fly (i’acbydiplosis oryzae, W.). — The pest bas 
been recorded in the Northern Circars, Tanjore, Ramanathapuram 
and West Coast from the year 1914. The adult is a small mosquito 
like fly, the maggots of which burrow into the shoots and cause the 
characteristic silver shool.s. Pale white or greenish blue, hollow 
outgrowths are developed as a result of the irritation caused by the 
maggots living inside, preventing the formation of the earheads. 
The loss caused is often serious. The fly .is found to breed on 
a number of wild grasses also. 

The fly deposits her eggs on the tender shoots which later hatch 
out into footless maggots and burrow into the shoots. Pupation 
takes place inside the hollow outgrowth and the adults emerge in 
due course. No tangible methods of control have been devised as 
yet, but a continuous setting of light traps in the infested areas 
attracts thousands of the flies and the trends of the infestation m 
such plots have been on the decrease. 

The only natural enemy recorded is a wasp, Polygnotus sp. 
belonging to Platygasteroidea. 

Field rats . — The cumulative effect of the damage caused by 
these non-hexapod pests to food crops like cereals, fniits and 
vegetables, is perhaps more heavy than that wrought by all the 
species of insects concerned put together. These rodents are under 
intensive study at the Agricultural Research Station, Aduthurai. 
Of the different categories occurring in the locality the mole rat — 
Ounomys kok G. the Oerbil rat — Tatera cuvieri W. — and the 
grass rat — Millardia meltada, G. appear to be the commonest and 
tijA following is a short account of the work done on the habits and 
control of these pests : — 

(o) The mole rat (Gunoravs kok, G.). — This is perhafK the 
naost destructive spec'es occurring in almost all the parts of this 
State. The adults can be recognized by their compact build, 
greyish brown colour and a short tail devoid of hairs. They are 
feroeioiis in temperament and show a positive disinclination to come 
out of hnxTows even when disturbed. These rodents invariably 

live sisgly in tortuous burrows excavated generally on the field 
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bimds and occasionally in the field itself. The tuimels may eztmd 
to a length of 30 or 40 feet and to a depth of 4 to 5 feet with 
frequent blockings of earth. Each burrow may have four or five 
open^s. The breeding is regulated according to the availability 
of the food material and htters are common from November up to 
February-March. These rats cause enormous havoc to rice in ail 
its stages. Young seedlings in the nurseries are cot and tiie pieces 
stored in the burrows either for consumption or to serve as bedding. 
The damage is more serious when the crop is in shot-blade. The 
rodents appear to have a partiality for the sweet juice which exudes 
from the cut ends of the plants at this stage, llie havoc perhaps 
reaches the peak when the crop is in ripe ears. Numbers of the 
earheads are cut and hoarded in the burrows and a quantity of 
even five pounds of grains has been recovered in individual cases. 
On a rough estimate, the damage caused by this rodent alone may 
come to 10 per cent. 

Control . — Poison baiting with Strychnine, Paster of paris, 
Barium carbonate, etc., was tried with indifferent results. Fumi- 
gation with carl)on-di-8ulphide, sulphur fumes and later with 
calcium cyanide was the next stage in the control method. Though 
the inherent lethal effects of the.se fumigants have been established 
beyond doubt, their practical application in the case of these rodents 
has not met with a high degree of success for reasons mentioned 
below. 

Tender field conditions about 25 per cent of the burrows are 
invariably untenanted and as such the quantity of fumigants 
pumped into these burrows goes as waste. Even in the case 
of the tenanted burrows, the poisonous fumes are not always able 
to permeate into the innermost lahvrinths of the tunnels, on 
account of the frequent blockings and definite success was recorded 
only in about 25 per cent of the burrows. On account of these 
inherent defects, the cost of destruction of these troublesome 
animals exceeded the economic limit of the average ryot. Local 
methods of digging out the burrows and killing the rats by pro- 
fessionals at a contract rate of about one anna per rat was cheaper 
and more eflBcient. The use of the * bow trap a very simple 
but ingenious invention of the Tanjore ryot proved to be equally 
effective, the cost being more or less the same. ' Antu ’ the much 
advertised rodenticide, was not at all useful in this case. 

Zinc phosphide, another rat poison, was later given a fair 
trial. Though the efficacy of this chemical as a rodenticide, has 
been established beyond doubt, it was found that the mole rat— 
Gunomvs hoh, G.— the most destructive species— is somewhat lAy 
of the baits. Critical studies on the comparative merits cff m 
mechanical and chemical methods of control have shown tiutt Hit 
number of the rodents exterminated by the former method aatesAl 
that eff^ted by the poison baiting by about seven tim«s« 
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(6) The next species in importance is the Gerbil or the 
antelope rat — Tatera cuvieri, W. This species is distinguished 
from the others by its handsome buff colour, prominent bigger 
eyes and ears, long legs and a longer tail with a tuft of hairs at 
the end. They are very agile in habits and are capable of running 
fast and jumping up to a height of 2 or 3 feet. They live 
in shallow burrows, rarely exceeding 1 or 2 feet in depth 
having two or three openings. Unlike the mole rat, they are gre- 
garious in habits and up to 12 specimens have been met w'th in a 
single burrow. This species also takes its own toll of cereals, but 
the control in this case is easier as these rats invariably run i ut 
of the burrows when disturbed. The better palatability of this 
species often sen’es as an incentive for their large-scale catching 
and extinction by the professionals. Zinc phosphide baiting also 
may be tried. 

(c) The grass rat (Millardia meltada, G .). — This species 
occurs in fairly large numbers in the Tanjore Delta and is reported 
to cause a certain amount of loss to the rice seed beds. This rat 
may be distinguished from the other two by its smaller size, 
brownish grey colour and a white abdomen. The burrows are 
shallow with two or three openings. One of them is closed with 
a padding of grass over which a layer of earth is spread and packed 
and hence the name ‘ grass rat ’. Another interesting feature is 
that these rats come out in their hundreds for feeding during 
nights. They get dazed by the light from an ordinary hurricane 
lantern or electric torch . when they can be easily chased and beaten 
to death. One interesting ixiint worth mentioning here is that 
this species shows a remarkable preference to zinc phosphide 
baits. 


2. SOBOHUM. 

The Sorghum F.arhe.ad hna (Calocoris angustatus L.). — This 
Capsid is one of the earliest recorded pests of Sorghum in South 
India. It has a distribution extending almost all over the dry 
zones of India, but it incurs on a serious form only in this State, 
the area.s most affected being the Ceded Districts, Guntur, Coimba- 
tore and parts of Mysore. Striy adults appear along with the 
emergence of the flowerheads and multiply into serious propor- 
tions within a fortnight. They cause an enormous drain of the 
cell-sap by sheer weight of their numbers and the badly infested 
earheads turn black in colour and bear very few grains. The pest 
is, however, capable of little or no damage after the grains have 
hardened. The following details on the habits are worth mention- 
ing here. At Coimbatore, two crops are raised. The first one is 
the irrigated Chitrai-cholam sown bv March and the second is the 
dry Bwjamanjd OTop sown by July-August. The irrigated crop 
is invariably more subject to the infestation. An interesting facU 
in Htw ease ia that it entirely escapes the damage if sown Wfore 
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tibd of |ducb. The cauee for this phenoxaenon is easily 
explained. The peak of incidence is by about the middle of 
when the grains have just set and begun to develop and this is 
incidentally the most vulnerable stage. The flowerhesds of the 
earlier sown crops set and harden by this time and as such, damage 
if any, by the major wave is warded off. Conditions are different 
at Guntur since the local practice is to grow s series of three 
successive crops during a year and as such the pest is likely to pass 
from crop to crop with unmitigated virulence. Fortunately, the 
incidence of the pest appears to be controlled by certain seasonal 
factors also and as such its severity is not an annual feature. 
(Plate 119.) 

Eggs are laid between the glumes and the nymphs hatch in 
five to seven days. They feed on the plant sap and reach the adult 
stage in the course of 10 to 15 days after undergoing five moults. 
It is estimated (hat under favourable conditions two generations 
of the pest are possible in a season, since the flowering of the 
ordinary t^Ties of sorghum is somewhat erratic and spread over a 
period of a fortnight. The bugs also breed on Setaria, maize, 
ha>ra. etc., though in insignificant numbers. This pest is remark* 
ablv free from any natural enemy cxcent for a bacterial disease 
similar to Pebrine of silk worms, recorded some years back. 

Conhol measures . — The futility of attempting to control the 
pest on a large scale appears to have been realized from the very 
inception of the investigations. The influence of a few changes in 
the cultural practices, such as adjusting the sowing period, frequent 
irrigations, manuring, etc., were studied with no conclusive results. 
By about 1936-37 dusting with sulphur indicated a reduction in 
the population of the bugs and increase in the yield. DDT and 
BHC are under trial as dusts on a field scale from 1946 onwards. 
The data indicate that both the chemicals have a high lethal effect 
ou the bugs, the action of BHC being quicker and more thorough. 
The quantity of the insecticide rerpiired for an acre is about 20 to 
2.5 lb. costing about Bs. 10. More recent experiments have indi- 
cated that the application of BHC dust 7 per cent at 15 lb. per 
acre gives satisfactory results. The trials with DDT and BHC 
were conducted under a special scheme financed by the Indian 
Council of Agricultural Besearch. 

The Deccan grasshopper (Colemania sphenarioides, B.).— This 
is a wingless grasshopper %vhich often occurs in hordes in parts 
of the Ceded Districts. It is indigenous to the Bombay State and 
must have spread only recently to parts of Madras State and idso 
the adjoining tracts of Mysore, Hyderabad, etc. The l-oppen 
appeared in a pest form during 1908 in the Ceded Districts awl 
continued in all their virulence for about nine years till 1917. It 
receded to the background during the next eight years and flimd 
up again during 1926, the second cycle metending to 
pest waa ^ia reported to be severe at Hravi^onda dnriag ltN^' 






PlaU 120 . — The Deccan graeehopper — Colemania gphenai ioidea, B. P. 934 
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and raachad xnora alarming proportions during 1948-49. There is 
thus some evidence to indicate a periodical cycle in the incidence 
of these grasshoppers. Dry crops like Sorghum, Setaria, etc., are 
subject to the attack of the pest from their very early stages, but 
the damage is felt most on Setaria from September-November, 
when the lioppers grow and concentrate on the earheads. The loss 
caused varies from 25 per cent up to a complete ruin. Eggs are 
laid in batches, two to three inches below the soil-level by about 
October-November. The nymphs hatch out during the succeed- 
ing July and begin to feed on tht^ crops. The subsequent course 
of damage as well as the life cycle are more or less similar to those 
of the rice grasshoppers. In addition to causing appreciable damage 
to dry crops like Setaria, Sorghum, cotton, etc., this hopper takes 
to some pulses and also grasses growing wild in the waste land. 
(Plate 120.) 

Natural enemif^s. — The maggots of a Bombylid fly, Sijst(rchu^ 
sp. and the grubs ot the blister beetle — Zonahris sp. prey on the 
underground egg-massi .s. 

Control . — Various methods of control have been tried in 
different parts of the country. Huge drag-nets were passed over 
the infested cnips hut this method was neither efficient nor 
practicable. Ploughing up af the fu‘ld> and hoeing with the 
Guntaka with a view to expose the egg-masses were given a fair 
trial during 19*10, hut th(‘ result'' were far from satisfactory. A 
hop{)er dozer was designed h\ 1931 , The inner sides were painted 
wdth a resinous adhesive <caslor oil and rosm^ and the contraption 
itself was moved into fields when the hoppers \vere expected to 
jnnip about and get themselves 4uck to the sticky mixture. A 
tairly good number of the nymphs appear to h.ave been caught into 
the dozer, but the method l>y itself appears to have created very 
little impression on the local ryots. Further trials were taken up 
at Uravakonda with BHO D.b25 during 1948. but the chemical 
had scarcely any effect on the pest which was mostly in the adult 
stage during the period of the exi>eriments. The trials were, 
therefore, repeated during 1948-*19 with DDT 3 per cent. BHC 5. 

< and 10 per cent and Tlexyclan 10 per cent (another BHC pro- 
duct). The latter combination at 7 and 10 per cent had a specific 
action. The hoj>]>ers. both adults and young, were found to exhibit 
signs of discomfort in «>ne or two hours, the actual death taking 
place gome time later. The cost ol the treatment works to Rs. 10 
(o Rs. 12 ]>er acre and the method has passed the experimental 
atage. 

The millet grwifthovpet (Hieroglvphus nigrorepletus, Bol.— 
This is another member of the category of grasshoppers, which 
often takes a major role on dr\' cro|>s. It more or less resembles 
^ rice grasshopper in appearance and has probably similar 
breeding habita. The damage by this species is not an annual 
featqre but it assumed a serious form at Cnddapah during 194d, 
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threatening to devastate about 2,000 acres of ragi, Seiaria, ate. 
BHC D.025 was also found efficient against the growing nymphs 
though adults require higher doses of BHC. 

* Other minor species consist of the lesser grasshoppers Ghroto- 
gonus satissurii, B. and Aeolopus sp. which are also controlled 
easily with BHC preferably seven per cent. 

The Sorghum fly (Atherigona indica, M.)."— Jhis is a bad pest 
of the young crop in the Ceded Districts especially during the 
Hingari season. The insect is a small dark fly, the maggots of 
which bore into the stem, and kill the central shoot causing the 
characteristic “ dead-heart The crop is susceptible to the pest 
only till it is five weeks old. Eggs are laid by the female mostly 
on the under surface of the leaves. The maggots on hatching bore 
their waj’ into the central shoot and cause its withering. The full- 
grown maggot is yellow in colour about 10-12 mm. in length and 
generally pupates inside the plant. The entire life-history takes 
about 15 to 20 davs. Tvnes like M. 47-3, T-l, PB2'R are reported 
to be resistant while AS. 2095 is more susceptible. The pest is under 
investigation at the Agricultural Besearch Station, Siruguppa. 
Earlier methods of control consisted of the adoption of a higher seed 
tate and thinning out the infested plants subsequently. As this 
was found far from perfect, experiments on the relative efficacy 
of flooding with and without Pish Oil Rosin Soap, manuring, drill- 
ing BHC and DDT along with the seeds, jieriodical application of 
BHC and DDT sprays, etc., were in progress and of these, the 
BHC spray has given some promise of control. 

The Sorghum stem borer (Chilo zonellus, S ) — This is one of 
the serious pests of the Sorghum crop during the earlier stages. 
The larvae bore into the .stem and cause the central shoot to wither. 
The insect is distributed throughout the Sorghum i^racts of South 
India. 

The .straw-coloured female moth lays batches of scale-like 
flattish, oval, overlapping, eggs usually on the undersurface of the 
leaves. The caterpillars, on hatching out, bite their way into the 
stem and feed on the tissues eventually killing the central shoot. 
Pupation takes place inside the tunnel itself, the whole life cycle 
from egg to adult occupying six to seven weeks. 

Alternative host plants. — Besides Sorghum, the insect is found 
to breed on Bagi and maize. 

Natural enemies. — ^In addition to the egg parasite — TrUshth 
gramma sp. — the following Hymenopterans have been found to 
parasitise the larvae : Xanthopimpla, pedator, F. XanthopimpUi 
nursei. Cam., Iphiaular sp., I. spilocephalus , Caro. MarionoU$$ 
sp., Apanteles favipes, Cam.. Avanteles sp., OlypUmorptut 
(Bracon) deesae Cam., and Microhraeon ehilocida, Bam. nd 
M. chilonis, V. The pupae are attacked by the Eulo^id Tatfth 
stichus ayyari, Boh. 
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Control, — Ab in the case of all borers, the external application 
of insecticides will be of no avail. The only palliative would be 
to increase the seed rate, and pull out the dead-hearts subsequently. 

Biological control with the help of the Chalcid egg parasite 
Trichogramma sp. is being attempted on a field scale and it is too 
early to pronounce any definite results. 

The Sorghum mite (Paratetranychus indicus. H.).~Thi8 minute 
greyish green Arachnid attacks the leaves and causes bright red 
blotches on the lower surface of the leaves. The discolouration 
extends in area along with the increase in tlie virulence and 
hundreds of these mites can be found under a delicate webbing. 
They scrape the leaf surface and very often the entire leaf surface 
of the plant will be affected. Eggs which are white and spherical 
hatch in three or four days. The larvae have three pairs of legs 
while the adults are provided with four pairs. The w^hole life 
cycle lasts from nine to twelve days. 

Alternative hosts , — The same species of miles has been noted 
on the common grasses , — Panicum jamnicum — P. distachyum and 
on sugarcane. 

Natural enemies . — The important natural enemies of mites 
studies at Coimbatore are Scymnus graciUis, M. (Coccinellidae), 
Scolothrips sexmacnlatus, P, (Thripidae) and (Oligota flaviceps) 
iStaphylinidae) but none of them occur in sufficient numbers to 
effectively check the pest. 

Control . — Dusting wdtli flowers of sulphur is the acknowdedged 
remedy for this pest. 


3. Raoi. 

This millet is subject to damage by two borers, viz., the pink 
borer — Sesarnia inferens^ W. and the white borer — Saluria infcita, 
W. The habits as well as the nature and extent of damage are 
similar in both the cases, the larvae boring into the stem and 
eventually killing the central shoot. The junk borer occurs also on 
wheat, maize, sugarcane and sometimes on rice as well. The 
larA^ae are parasitised by a few Hvmenopterous insects. The white 
borer has been recorded also on Setaria and rice. 

Control measures , — Very little is possible bv way of control of 
these borers. Pulling out the dead-hearts and adopting the ordi- 
nary methods of plant sanitation may helj» in reducing incidence. 

The Ragi root Aphis (Tetraneura hirsuta, B ,). — These are 
minute pale w^hite insects found in groups on the roots of plants. 
They suck up the nutrition with the result that the infested plants 
are dwarfed in size and slowlv wither awav. The infestation by 
these aphids is invariably indicated by the presence of large 
numbers of ante round about the i-oots of the plants. The pest is, 
of late, assuming serious proportions round about Coimbalbro, 
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Control meo«ure«.— Mixing small quantitias of crndn oil 
emulsion, Tar water or Fish Oil soap with irrigation water M 
advocated, but the results are far from satisfactory. Definite 
control measures have yet to be evolved for this pest. 


4. Pulses. 

Redgram . — Eedgram is the most important crop under tlue 
category and it has to contend with a number of insect enemies 
which attack it in its different stages. 

The gram caterpillar (Heliothis obsOleta, Fb .). — ^This is a 
serious pest of cotton in America, but is rarely seen on this crop 
m South India. Shiny greenish yelKrw eggs with a sculptored 
surface are laid on the tender parts of the plant. The caterpillars 
on hatching feed on the foliage and bite through the pods and 
devour the seeds from outside. The full grown larva is about an 
inch and half in length. The body colouration is generally green 
with a whitish streak and a number of setae and tubercles. Pupa- 
tion takes place inside the soil. The pest is jxilyphagous in habits 
and attacks a variety of crops like Bengalgram, cotton, groundnut, 
tomato, tobacco, opium, ganja, etc. The caterpillars are sometimes 
kept in check in nature by a few Dipterous and Hymenopterous 
parasites. A pentatoraid bug. Andralhis spinidens, F. was found 
sucking the larvae on linseed at Coimbatore. 

Control measures . — Arsenical sprays may be useful when the 
caterpillars feed externally but have little or no effect after Ihey 
begin to bore into the pods. Hand picking has been suggested in 
severe cases. Cursory trials with DDT and BHC have indicated 
the possibilities of control. 

The redgram plume moth fExelasles atmososa, W .), — This is a 
specific pest of redgram. The caterj)illars bite into the pods and 
feed on the seeds from outside, thrusting in only their head. They 
pupate on the pod surface and the pupae are fringed with a numbtf 
of short hairs and spines. The adult is a slender moth with tiie 
winffs arranged in plumes. 

Control meamres . — No feasible methods are available at 
present except those recommended for the previous pest. 

Besides these, the crop is regularly infested by a variety of 
insect pests of minor importance. 

Bengalgram . — The most serious pest of this crop is Helioikit 
ohsoleta, H. already mentioned under redgram. 

The other pulse crops, viz., ^een and blackgram, horsegram, 
and cowpea have their own specific enemies of which aphids ifiay 
9 maior part. These can be easily controlled by Hbhacco spray. 
Other pests consist of the sweet potato Bphin* — Hene oonv^ 
vnli. L. one or two sTsscies of Alcidea sp, and AgromyM flies. A» 
these pests are only of minor importance, no serious attempfi Iwfp 
been so far made towards their control. 
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5. Vegetables. 

BHnjal . — Of the numerous insect pests, which attack the crop, 
the brmjttl beetle {Eptlaclina sp.), the Iruit borer (Leuctmaes 
otbonalts, O.) and the budworm {Ehthorimoea blapsigom, M.) 
constitute the major forms. Lacc wmg bug (^Ureutius eciiiuus, D). 
is another pest of briujal which sometimes becomes serious but it 
can be controlled by BHC or DDT. 

The briujal Epilacliiia (Bpilaclma L'2 punctata, M. and E. 2b 
punctata, E .). — Tnis is an important leaf-eating pest. The adults 
are hemi-sperical in shape and pale red in colour with a number of 
black spots. The grubs are fleshy, spiny and yellow in colour. Both 
the auuits and grubs scrape and teed on tlie green matter of the 
leaves causing an appreciable damage. The beetles are equally 
severe on bitter gourd, tomatoes, potatoes, etc. (Plate. 122. j Two 
species of Eulophid parasites — Aprostocelus sp. — attack the grubs 
and keep the pest under control durmg certam seasons. A reduvid 
predator Hhmocoris juscipes — may also be mentioned m this 
connection as a netural enemy. 

Control . — Calcium arsenate either as dust (1 :6) or spray (1 to 
2 oz. in one gallon of water) has been found very effective. Becent 
investigations with BDT and BHC conducted under a special 
scheme financed by the Indian Council of Agricultural Besearch 
showed that though DDT was effective, its apphcation was invari- 
ably followed by a heavy incidence of the mile — Tetranychus 
telarius, L — and as such the time houomed treatment is preferable. 

Of the other two pests, the briujal fruit borer (LeucinodM 
orbonalu, G.) and the bud worm (Phihorimoea blapstyona, M.) the 
former is a medium sized moth with whitish wings. The cater 
pillars are short, stout and pinkish m colour. They bore mto the 
shoots and fruits causing considerable havoc. The latter is a tiny 
\»own moth and the caterpillars bore into the tender buds. The 
damaged buds invariably drop off. 

Calcium arsenate spray, tobacco decoction, Bordeaux mixture, 
2 per cent DDT, 2 per cent BHC and Thevetia extract were tried 
against these two pests from 1941 onwards. Calcium arsenate 
spray was found significantly superior to all the others. 

The Bhendai {cotton) jassid . — (Empoasca devastens, D.). — The 
same species which attacks cotton infests this crop also. The 
damage is equally severe. The leaves get yellow and crinkled and 
the plants are stunted in growth and the yield is very poor. 

Control . — The approved method of control like spraying 
tebaciBo, lime sulphur, etc., not being effective, a fair trial was 
given to the new chemicals BHC, DDT and HETP. It was defi- 
nitdy establi^ed that BHC had little or no effect on these jassids 
adtila DDT, either as dust 6 per cent or sfaray 01 per cent had 
q^wotreular effects and the yield in some cases apprecited by 700 per 
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cent over the control. The cost of treatment per acre works out 
to about Es. 6. It has also been found that the use of DDT on 
this crop brings in its wake a heavy attack of mites, — Tetranyckits 
sp. — which may be controlled by sulphur. HETP spray also 
exerts a very high lethal action but the results have to be confirmed. 

The chillies thrips (Bcirtothrips dorsalis, H.).— One of tho 
common ailments of the chillies crop is what is popularly known 
as the leaf curl disease. The causative agent is a thrip — StHrto- 
thrips dorsalis, H. This minute insect is yellow in colour, with 
fringed wings and attacks the crop in all its stages sucking up the 
nutrition from the leaves, buds and flowers. Eggs are inserted in 
the leaf tissue and the nymjihs hatch out in four or five days. The 
newly hatched nymphs are pale white in colour and attain the 
adult stage within 10 to 15 days after undergoing two moults. 
These thrips have been recorded to breed on castor and a variety 
of other plants in addition to chillies. The pest was first reported 
to be serious at Guntur in 19‘2t) and observations on its life-history, 
hahits and control were started from 1927 onwards. Tobacco dust 
or spray was found to give appreciable relief, but the treatment 
had to be repeated according to the severity of the incidence. The 
cost of dusting worked out to Rs. 5 while that of spraying was Rs. 10 
per acre. 

Subsequent trials with a number of insecticidal sprays like 
Lobelia decoction, .\corus de<;oction, Fish Oil rosin soap, Pyre- 
thrura, etc., show that none of these were superior to tobacco. 
Further investigations with BHC and DDT as dusts at various 
concentrations under a special scheme of the Indian Council of 
Agricultural Research proved that BHt\ 3 to 5 per cent is an 
effective remedy. 

The garlic and onion thrips (Heliothrips indicus, Ji and Thrips 
tabaci, L.). — These two species of thrips constitute the major pests 
of garlic and onions. Of the two, Thrips tabaci, L. is more serious 
and the loss is particularly severe on garlic as the produce is more 
valuable. Investigations on the control of these insects with special 
attention to Thrips tabaci, L. on garlic were initiated at Siru^ppa 
as early as 1929 and some interesting information on the life-histwy 
and habits, control, etc., was gathered. (Plate 123.) 

Stray adults are found on the plants by November ’but they 
multiply to such a degree within a thort time that the plants teem 
with the jxipulation by December, the mild, bright sunny weather 
being favourable for their prolific multiplication. Both the adults 
and the young lacerate the tender portions and suck up the plant 
nutrition. The females insert their eggs singly inside the plant 
tissues, generally more in the basal leaf stalks, out of whkfii the 
nymphs hatch out in due course. They feed and devetop ofx 
plant and ultimately pupate in the soil. The populatiim hnckl 
inside the recess of the leaf stalks but may often be seen ooMie 
as well. 
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Alternative host planUt. — HeUothrips indicus, B. has been 
coAieciea irom a Host oi oiner plants, viz., iuaigo, berseem, oniona, 
urmjai, Uamiaoxs sauva, sununemp, caouage and cauiinower. 
lunpa tauaUj ij. occuib ireeiy on nowerb and siiools ol cotton, 
caboage, onions, tea, etc. 

Control measures. — Tobacco extract (i lb. in 6 gallons) with 
a string nose ot one pound oi soap, lane suipiiur i m lo to i in zU 
witji Boapnut latuer were given a iair trial. Tue treatments, 
instead oi conierring any benent were lound to be decidedly 
harmiul to the loliage. ilie ingher concentration of soap dehmleiy 
retarded the plant growth, while the lime suipiiur resulted m 
scorcinng loiiage. Aiecnanicai meiliods like sweeping the insects 
with a cardboard smeared witn some adhesive were equally truitiess. 
iietier inetnoas ol cultivation with a heavier dose ol manure, more 
copious and irequent irrigations with an occasional use of tobacco 
dust were recommended as tentative measures. Kecent trials with 
ditterent combinations ot DdT and BJIC have given spectacular 
results. iitlC spray even at U*05 per cent caused a very high 
moriahty on the population. Eight jxiunds ot tlie chemical (costmg 
about its. 13) in iuu gallons ol water are required to treat an acre 
and a second treatment may be necessary m cases of severe infesta- 
tion. The sprayed plots gave an additional yield of about *2,5U0 lb. 
per acre, over the control, and tlie approximate money value was 
its. 1,000. The increased yield is brought about by the more 
vigorous growth ol the sprayed (uops and the consequent better 
development of the bulbs. Tlie method has passed the experimental 
stage and the ryots are last taking it up of their own accord 
especially round about Palladam in Coimbatore district. 

Pests of Cruciferous crops. — Among the serious pests which 
infest these exotic vegetables, two species of cut worms, Euxoa sp. 
and Agi'otis sp. are the most important. The caterpillars are 
smooth, cylindrical and somewdiat dark in colour. They generally 
hide under tfie clods, crevices, hedges or any thick vegetation 
nearby and move in groups during mghis, causing wholesale havoc 
by cutting the young plants at ground level. Kecently, the tobacco 
caterpillar — Prodema Ittura, F. — was also noted to cause a similar 
damage to young snake gourd plants at Coimbatore. Dusting with 
BHC D.025 was found to give spectacular results in the case of the 
cutworms on cruciferous crops. As regards the snake gourd plants, 
the chemical is likely to injure the tender plants if applied direct 
on them. It was, therefore, strewn round the beds. The cater- 
pillars while crawling towards their food plants came in contact 
with the insecticide and died in numbers. 

Tile cabbage borer (Hellula undalis, F6.). — The adult is a pale 
yellowish brown moth with wavy grey markings on the wings. In 
its early stages, the caterpillar mines the foliage, feeds on the 
shoots and later burrows into4he central stem. It pupa^tes in the 
burrow after attaining a length of two-third of an inch. It it 
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rather difficult to control the insect except by joeventive measorev 
such as destroying or plucking off early attacked plants. 

7'he Diamond back moih (Plutella inaculipennis, C .). — ^The 
eggs are laid singly on the tender parts and .the caterpillars ou 
hatching feed on tiie foliage and grow to about one-third of an inch 
in length. Pupation takes place inside a transparent silken cocoon. 
The moth is small in size and has pale white marks on its wings. 

Drachymeria excarinata, G. and Teirastychus sokolowskit, K. 
have been recorded as pupal and lai’val parasites respectively. 

The Mustard saw fly (Athaha proxima, K.). — ^This is a unique 
example of a Hymenoplerous insect assuming the role of a crop 
pest. The larva is a leaf-eater and does substantial damage to 
radish, niuslard and allied plants grown on the hills. Eggs are 
laid inside the plant-tissue and the larvae feed on the foliage, grow 
to a length of about an inch and pupate inside the soil in an earthern 
cocoon. The grubs are chai’acterised by the possession of eight 
pairs of prolegs. The I’entatomid bug (Canlhecorux furctUata, W.) 
is predaceous on these grubs. Handpicking of the grubs and a 
judicious application of stomach poisons m cases of serious out- 
breaks may give <‘onsideral)le relief. Plant bugs like Nezara oifi- 
dula, L., Bagrada picta, P., Aphids, etc., are some of the minor 
pests. 

Pests oj Cucurbitaceous plants. — The major pests of these 
vegetables comprise of leaf caterpullars, pumpkin beeler, fruit flies, 
plant bugs and aphids. 

The pumpkin caterpillar (Margaronia iiulica, S.). — This cater- 
pillar is bright green in colour and is characterised by the presence 
of longitudinal white streaks along the mid-dorsal line. It feeds 
on the foliage and pupates inside a h'af fold in a flimsy silken 
cocoon. The moth can be recognised In its whitish winffs with 
dark broad marginal bands and the tuft of orange coloured hairs 
at the anal end. 

The snake gourd semilooper (Plusia pepouis, F.). — ^This ie a 
semilooper usually infesting the snake gourd. The female lays her 
greenish white spherical sculptured eggs on the tender leave* 
generally on the lower surface. The caterpillars have tire habit 
of cutting and rolling out {lortions of the leaf and feeding htm 
inside. The body is greenish with white stripes and is provided 
with blackish warts, l^aring tufts of short hairs with the anal 
segment slightly humped. It attains full growth of about 1} inchea 
and pupates inside the fold in a cocoon padded with plenty of 
white silk. 

The natural enemies recorded are 'Apanteles phuiae, Yim, 
Mesochorus plusiephilus Vier. on PUtria peponis F. an d Parseo* 
pidosovfMpsis javae, G. on Plusia signata, F. and CeraphfOn 
nasU, G. on Plusia agramma. EEandfuclcing as well ae aiMlidMt 
q^ys are advocated. 



MEMOIRS OR THE DEPARTMENT OF AORICULTURB, MADRAS 949 

Pumpkin beetles (Aulacopbora foveicollis, JP\), (A. atripenms, 
F.) and (A. stevensi, B ,}, — Tiiese bright coloured beetles feed on 
the leaves of cucui'bitaceous plants. The grubs feed on the under- 
ground roots and pupate in the soil. 4'he bellies can be collected 
and destroyed with nets. Stomach poisons also can be used in 
severe cases. 

Fruit flies (Dacus and Chaetodacus sp .). — Shining white cigar 
shaped eggs are tlirust into the tissues of the ripening fruits. They 
hatch out into footless maggots wliicli bore through and devour 
the fruit pulp. These later drop out, pupate under the soil and 
emerge as flies in about a week or ten davs. The adults are charac- 
terised by triangular shaped abdomen and spotted wings. 

Only preventive measures are possible for controlhng this pest. 
Tlie damaged fruits should be destrojed. Attempts to trap the flies 
with poisoned liaits have not met with any remarkable degree of 
success BO far. In addition to these specific pests, the brinjal 
Epilachna also attacks some of the plarits belonging to this 
category. 

House bean (Dolichos lablab). — The lablab bug — Coptosoma 
crihraria, F. — can often be seen resting on the vines in its hundreds 
generally in the later .stages of the crop. They suck the plant sap 
as a result of which the creeper.s wilt off. This bug is found to 
infest redgram, indigo, agathi, pongamia, etc. Dusting of the 
affected jilants with BHC D-0*25 gnes definite relief. 

The podborer caterpillar (Adisura atkinsoni, M.). — Isolated 
spherical cggb are laid on the tender pods. The caterpillars on 
hatching bore into the pods. The full-grown caterpillar attains 
a lengtli of \\ inches and pujiates under the soil. The adult is a 
jiale yellow brown moth. The larvic are attacked by Microbracon 
sp. (’ontrol measures similar to those of the gram caterpillar can 
be adopted. 

The plant lire (Apliis medicagenis, A’.). — The insect constitutes 
by far the most common and serious pest of these vines in South 
India. Colonies of these dark coloured insect .s appear in the lender 
vines and are capable of completely ruining the crop unless checked 
in time. As in the case of the other aphids, these also are kept 
in check by lady bird beetles Chilomcncs siwmaculata^ F. and theif 
larvaa, along wdth syrphid and lacewing fly maggots. 

Control . — Spraying tobacco decoction with a little soap or Fish 
Oil Kosin soap in the strength of one in six gallons of water is the 
approved remedy. As the former commodity is of late becoming 
too costly and difficult to procure, attempts were made to find out 
a substitute. BHC dust and spray, HETP spray, etc., seem to 
serve the purpose c|uite well. 

Sweet potato , — This tuber has. of late, assumed some import- 
ance as a subsidiary food to augment the food supply and has 
a few insect enemies to contend with. 

A.m,~71 
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The sweet potato weevil (Cylas formicarius, Fb.) is the major 
pest both in the field as well as m the godown. The adult is a dark 
blue ant-like weevil with reddish thorax about JL/3 inch in length* 
It is distributed all over the tropics. The major damage is caused 
by the grubs wliich bore tortuous tunnels into the vines and tubers. 
The adults also nibble at the tender vines and tubers. The 
parent lays oval whitish eggs inside small cavities made on the 
host surface. The pale white grubs, on hatching, bore into jihe 
plant tissue and scores of them are ordinarily found inside each 
tuber. The larvae pupate in the host material in about a fortnight 
and the adults emerge in another week. ^*io alternative host plants 
have been recorded in South India. 

Control. — No effective method has yet been evolved. The plant- 
ing of the pest-free vines and storage of the tubers under sand 
will go a great w^ay to minimise the damage. Fumigation wdth 
methyl bromide at the rate of one pound per 1,000 c. ft. for four 
hours is said to destroy all the stages of the weevil. 

Other pests of this tuber crop are tortoise licetles like Aspido- 
morpha rniliaris, F., Metriona circumdata, H. and Chiridia sexno' 
tata, B., and a small hispid beetle Oncoeephala tuberculdta^ 0., 
also. The Le])idopterous pests consist of the sweet potato sphinx — 
'Herse convolvuli^ L. and a few others of minor importance. 

IVie potato tuber moth (Gnorimoschema jperculella, Z). — This 
is occasionally a serious pest, the special feature being that it infests 
the tubers both in the field and the godowm. The damage is pro- 
bably heavier in the store-room since hundreds of the small brownish 
moths can be seen flying about inside these places. The pest is 
chiefly found on the Nilgiris, Slievaroys and Mysore*, plateau. 
In the godown, the parent lays licr eggs near the eyes of 
the potatoes and the pale whitish brown caterpillars be'gin to burrow 
into the tuber. Pupation takes place in.side a coarse silken cocoon 
either on the tuber itself or on the gunny bags. 

CofitroL — A number of insecticidal dusts like Pyrethnim, Der- 
ris, tobacco, sulphur, DDT and BHC were tried in the godown with 
no conclusive results. Attempts at biological control with the egg 
parasite — Trichogramma minutum, R — and the larval one — Micro- 
bracon gelechiw Ash — were equally unsucx^essful. By far the best 
metliod W'ould be to maintain proper sanitary conditione in the 
godowns. 

Recent trials with BHC and DDT sprays indicated the efl5cacy 
of the former towards the control of the borer in the field. 

6. Fbuits. 

The mango hopper. — Three species of these jassids, viz., /dio- 
cerus niveosparsus , L, L atkinsoni, L, and /. clypealis, L. have 
been recorded to infest mangoes in this State from the year 1913 
onwards. The adults are active wedge-shaped insects, breeding on 
the flower-heads and tender leaf-shoots. Eggs are thrust into iHbe 
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tender tissue of the flower stalks and growing shoots through 
minute slits made for the purpose. The nymphs hatch out within 
a week, feed on the sap from the succulent portions and reach the 
adult stage in about 10 to 12 days. The pest multiplies at an 
enormous rate during the flowering season and two to three genera- 
tions are possible between January to March. The clicking noise 
made by the myriads of the hoppers by jumping from leaf to leaf 
can be heard even from a distance. The adults and young secrete 
large quantities of a sweet sticky fluid “ honey dew ’’ which col- 
lects on the leaves imparting a glistening appearance. The fungus 
“ sooty mould develops on the fluid matter, rendering the entire 
foliage black. The damage caused by the hoppers is more severe 
in years when the flowering is early, i.e., by December-January. 
Pepunculers annuliferum Brun, Pyrilla oxenos compactus Pierce, 
Epipyrops fuligtnosa Tains, and a Dnjinid wask have been recorded 
as parasites on these hoppers in Mysore State. 

Control. — Fish oil rosin soap at the strength of 1 lb. in 10 gallons 
of water was advocated as a remedy against the nymphs only. Sul- 
phur has given good results against the hopper as well as the fungus 
* mildew ’. DDT also promic.es to be a very effective control against 
the pest. (Plate 124.) 

The mango stem-borer beetle 'Batocera rubus, L.) comes next 
in importance. The adult is a big sized Cerarabycid beetle, dull 
yellowish brown in colour with a few bright orange spots on the 
np{^r wings. It is further characterized by the possession of long 
legs and longer antennae. The eggs are inserted singly under the 
loose bark or in wounded or diseased portions of the branch. The 
grul)f; on hatching begin to burrow into the stem. The larval period 
is fairly long and the full-grown grub is stout, yellowish white in 
colour and about four inches in length. The head is flattened and 
dark with tlie mandibles very strongly developed. The grub spends 
its entire life inside the stem, boring and feeding on the internal 
tissues. The infested branch eventually dies off. No prominent 
external eymptorns of the damage, are indicated except for the oozing 
out of the reddish sap along small bits of trass from the bore holes. 

Control measures. — Infested branches may be sawn off and 
the cut surface painted with tar. The grubs may be hooked out 
with a barbed wire or destroyed in situ by syringing in a small 
quantity of kerosene, petrol, mixture of creosote and chloroform, 
etc. Clilorosol may also be tried. 

The mango shoot webher (Orthaga exvinacea, W.). — The insect 
is found throughout the State and is serious at Coimbatore from 
Febniary to October. The caterpillars have tlie habit of webbing 
together the leaves at the terminal ends, and preventing the proper 
development of the flower-heads. The female lays her yellowish 
green eggs singly near the ribs of the leaf. About 30 to 35 egg« are 
laid by an individual. The larv® hatoh in about four days and are 
pale ^een in colour. They feed gregariously on the chlorophyll 
during the earlier stages. The full-grown larva is about 3*5 cm. 

A.M.— 7lA 
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in length and the pupal period lasts about 10 to 14 days. A Carabid 
beetle — Parena laticicla D. — and a Eeduviid bug — Occama sp. — 
have been noted to feed on the caterpillars. The j)est makes itself 
scarce in the presence of the red ant — Oecophylla smaragdina , J?b. 
A Bracojiid — Hormius sp. has been found to attack this insect 
occasionally. 

Control. — The affected bunches can be collected with the cater- 
pillars in situ and destroyed. Spraying the foliage with calcium 
arsenate is fairly effective. Eecent trials with BHC sprays at 
0 05 and OT per cent have given very encouraging results. 

The red tree ant (Oecophylla smaragdina, F). — I’hese ants have 
a peculiar habit of webbing together the leaves in the form of a nest 
and establishing themselves in colonies on most fruit trees. Ijong 
trains of these troublesome insects can be seen moving about all 
over the trees and their chief food consists of the secretions from 
the scale insects, mealy bugs, etc., which commonly infest these 
trees. The ants, ai)art from rendering the approach to the trees 
difficult by their vicious stings, are also responsible for tending the 
colonies of the scale insects and mealy bugs and even for distributing 
them from tree to tree. 

Control measures. — The success of control lies in the destruction 
of the nests. The usual practice is to burn them during nights 
when all the members are inside. Blowing in a few whiffs of cal- 
cium cyanide will also exterminate the colony. Kecently sjiraying 
with BHC even at a low concentration of 0 025 per cent was found 
to have a very high epecific lethal action, the residual effects being 
perceptible for nearly a week. 

The evstor slug (Barasa lepida, C.). — This is a fHilyjihagous pest 
having a wide range of hosts of which fruit trees like the mango 
and pomegranate are but a few. The caterpillars, popularly 
known as slugs, are thick, flattish and green in colour with a few 
pale or bluish stripes. They are provided with a series of tufts of 
spines on the body which are highly irritant in action. The cater- 
pillars often defoliate the trees. The adult is a green coloured 
moth with prominent dark patch at the base of each forewing. 
Batches of the scaly eggs are laid on the leaves and the caterpillars 
on hatching feed gregariously for a few days and disperse later. 
Tupation takes place inside bard shell-like greyish cocoons, which 
are also equally irritant. Hundreds of such cocoons can be seen 
in groups on the tree trunks. (Plate 126.) 

Alternative host plants. — The insect is also serious on castcar 
and of occasional importance on trees like coconut, palmyra palms, 
wood-apple, etc. Three hymenopterous parasites — Ulinocentnu sp# 
— Stomatocenis ayyari, G. and Eurytoma parasae G. and an inter- 
esting predatory caterpillar— denticinella H. may be m«tt* 
tioned under this category. 
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Control , — The control can be eaBily effected in the earlier stages 
6y plucking the leaves with the young caterpillars when they are 
gregarious and destroying them. Dustjng or spraying with arseni- 
cal poisons may be necessary if the caterpillars have distributed 
themselves. Dusting wdth BHC D*0*25 had spectacular effects. 
The cocoons also can be destroyed mechanically, taking care to 
see that the broken pieces do not come in contact with the operator. 

The orange borer (Chelidonium cinctiim, G.) — The extension 
of the cultivation of mandarin oranges on a large scale to the 
Wynaad tract, lias, in its wake, created a few insect problems, of 
which tlie most important is that of the C^erambycid borer. Its 
depredations are already well known in parts of the Mysore State 
and Coorg. The pest was reported from Wynaad only during 1948, 
but from its widespread incidence as well as the virulence of 
infestation, it is obvious that the borer has been there for some 
time. The adults are fairly big-sized beetles, uniformly bluish 
green in colour. But a majority of the specimens of the same 
species occurring in Mysore and (’oorg are reported to have two 
prominent yellowish patches on the elytra. The following is a short 
account of the life-history of the pest. 

The adults emerge soon after some heavy showers during June- 
July and lay tlieir eggs singly at the branch-axils at the terminal 
ends. Tlie grubs hatch out in about 12 da vs and begin to bore 
inside tlie stem. They effect a spiral cut disconnecting the bark 
from the (ort* and burrow upwards for a period of 2 to G weeks, 
feeding on the internal tissues. The infested shoots begin to fade 
as a reeult of the damage. The grubs later reverse the direction 
of their progress, entt?r the thicker branches below and eventually 
the main stem. They ramify and feed on the woody portion and 
their activity is evinced by the ejection of appreciable quantities of 
chewed fibrous material through the bore-holes. The larval period 
extends for about 10 months after which the grubs pupate and the 
pupal stage lasts for about 3 to 4 weeks. Tlie beetles emerge after 
some sharp showers by about May, wait inside the tunnels till their 
body gets hardened and come out later after the receipt of the 
next lieavy rains. There is a wide variation in the number of the 
borers found inside a tree. An instance of a single tree harbouring 
26 of the newly emerged beetles was recently noted. The damage 
which such a large number of these borers can effect on a single 
tree during an entire season of about 10 months can be better 
imagined. Eepeated infestations to such a severe degree year after 
year might gradually devitalize the tree and make it susceptible 'to 
other diseases wliich might ultimately cause its death. Extensive 
trials w'lih DDT and BTTC sprays were continued to study whether 
the chemicals exert any deterrent or lethal action. Though a few 
washes of the latter caused a certain amount of reduction in the 
infestation, the prohibitive cost as well as the practical difficulties 
encountered in conducting the spraying operations during the high 
moneoonish weather in the hilly tracts are not commensurate with 
the relief obtained. A very simple expedient by way of clipping 
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the wilted shoots with the grubs inside, within the critical period 
of six weeks (i.e.) before they enter the branches below, has been 
evolved and is being advocated in Mysore as an efEicient measure. 
The same method was adopted at Wynaad with a remarkable degree 
of popularity. The quintessence of succees lies in the fact that the 
pest is tackled in its most vulnerable stage before it causes any 
appreciable damage. The cost of operation has been computed to 
be Rs. 4 per acre. 

While the above method is almost infallible against the young 
grubs, more recent experiments against the grown up larvae in the 
main trunks, have shown that they can be effectively destroyed by 
injecting small quantities of petrol with a hypodermic syringe. 
The cost per tree works out to about As. IJ. 

The fruit sucking 'moths (Ophideres spp.). — Fruit moths have 
been a serioue problem since 1921. Investigations show that the 
adults of t])ree different species, viz., Ophideres fullonien, L. 
0. rnatema L. and Amia coronata P. visit the orchards during 
nights and pierce the ripening fruits with their long, sharp proboscis 
and suck up the sweet juice. Such fruits very soon develop a rot 
right round the eeat of puncture and drop off. The female lays her 
eggs on the host plant generally Tinospora, etc. The caterpillars 
hatch out in three days and feed on the tender leaves. The full- 
grown larva is abotit 2 inches in length, velvettv dark in colour 
with a few prominent white and red spots. They subsequently 
spin the leaves together and pupate inside. The larval and pupal 
stages extend to 19 and 9 days respectively. One or two unidenti- 
fied species of wasps have been bred from the eggs. Two other 
specieB-Enplectrus lencos Famus Roh and Tetrastichus ophiusae 
(craw) parasitise the caterpillars. Besides these, the larva* are 
preyed upon by birds, blood-suckers, etc. (Plate 127.) 

Control. — The control methods suggested in earlier years were 
trapping the moths with poisoned molasses flavoured with fruit 
essences and destruction of the host plant — Tinospora cordifolia. 
Light traps were tried in 1935 but were of no avail. Crude oil 
emulsion was found to be a good deterrent, but its action lasted 
only for two or three days. Growing tomato as a trap crop met with 
only indifferent results. Though the cumulative effects of all these 
methods may be appreciable, they are still capable of considerable 
improvement. DDT sprays are showing some promise. 

The citrus butterfly (Papilio demoleus, L)'. — The adult is a 
beautiful black and yellow swallow tailed butterfly commonly seen 
flying about, visiting flowers, and is essentially a pest of young 
plants. ‘ 

Shining greenish yellow eggs are laid singly on the tender leaves 
of the plant. The caterpillam in their initial stages are du'k in 
colour resembling almost the droppings of birds. They feed vora- 
ciously on the foliage and turn greenish as they grow. ^ They hava 
a peculiar habit of projecting out a horn like process from the 




Plate 12T,— The fruit sucking mo/A— Ophidorcs sp. 
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head and emitting a deterrent smell when disturbed. The full 
grown caterpillar which is about inches in lengtii cluinges itself 
into a naked chryealis and is attached to the plant by a fine silken 
girdle. The adult emerges in about ten days. Besides citrus, the 
larvie are also found on other liutaceous plants, woodapple, Mur- 
rayia sp. and sometimes on Bilwa — Aegle marmelos — also. The 
eggs are parasitised by some minute wa8j>s and the caterpillars by 
Apanteles papilioteSf V. 

Control measures . — Tlie eggs are fairly prominent when laid on 
the young unopened leaves and can, therefore, be handpicked. In 
severe erases, arsenical sjirays may be tried. Kecentlv BHC has 
also given encouraging results. 

The her fruit fly (T'arpornyia vesuviana, B\, — This fly was 
recorded as a serious pest of tlie finer varieties of the her fruit 
as early as 1036. 3'he adults occur by July and later lay their egge 
inside the half-mature fruits h\ August. The maggots hatch out 
in two or three days, feed on the pulp and ruin its quality. They 
get full-grown in about 13 days and then drop down to the soil 
and pupate at a depth of 2 inches to 3 inches. Two braconid« 
liathyanhiT rnrpomijiae Ham and Opius (Boisteres) carpiomjiae S. 
liave been reared out trorn the maggots. Another pinkish cater- 
pillar — Meridarches scyrodes M, is often found to cause a similar 
damage. The fl\ being the major pest attention was concentrated 
on its control from the VfTv early day#^. Sprays poisoned with 
Sodium tluo^illcate, arsenical compounds, etc., were first tried with 
no apfirecuible relief. Attempts to trap the adults cm chemotropic 
jinncijdes using essentia! ods like lemon grass oil, citronella oil, 
riensail, etc., were alsi^ equally un.successful. Baking up the soil 
under the trt‘es dovMi to a depth of three or four inches was advo- 
cated as a palliativt* to destroy the pupa*. More recent trials with 
BH(^ atid DDT sprays have sliown the adaptability of the latter 
at 01 pt^r cent as a definite measure of control against both these 
borers. The hjtal exinuiditure for four rounds of sprays works out 
to 13 annas per tree and the money value of the additional yield 
is computed to he Bs. 11-11-0. BHC.. though equally eflfeetive, 
was found to impart its peculiar odour to the fruits. 

The sapota leaf wehher (Nephopteiyx eugraphella /?). — The 
pest breeds on tobacco, Mimusops elenqi and sa[xita and was very 
serious at Coimbatore during 1938 and 19 H. 

The larva* bore into tlie tender buds and fruits and web the 
leaves together. The b*aves are scraped and eaten, eventually 
reducing them to a jiapery skeleton. The formation and develop- 
ment of the fniils is hampered considerably. 

The female lays her yellowish oval eggs either singly or in 
groups of two or three on the fiilken strands connecting the leaves 
or on the leave.s near the mid rib. The caterpillars hatch out in 
three to five days, feed on the leaves and buds and attain full 
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growth in about 17 to 32 days. The full grown larva constructs a 
cocoon of silk and frass within which it pupates and emerges as 
adult in seven to eleven days. 

A Braconid larval and a Chalcid pupal parasite have been 
recorded. 

Control . — Spraying with Calcium arsenate was found to be 
fairly effective. Eemoval and destruction of all the infested mate- 
rial may help to minimise the damage. Spraying with BHC and 
DDT at O’l per cent has given good results. 

The grapevine flea beetle — (Scelodonta strigicollis, M .). — The 
cultivation of the vine is almost the only source of livelihood for 
a certain class of people in parts of Salem, Anantapur, and Madurai 
districts. The cultivation is being extended rapidly in the other 
districts, chiefly on account of the attractive prices the fruits fetch. 
But among the factors which hinder its rapid spread, the damage 
by the flea beetle is a major one. It is an iictive coppery brown 
insect about 1/3 inch in length often occurring in numbers and 
defoliating the tender shoots. (Plate 129.) 

Mere collection of the adults with hand-nets and use of arsenical 
poifions were suggested so far. A definite control has been achieved 
recently by the use of either BHC or DDT spray at 01 per cent 
concentration. 

The pomegranate butterfly (Virachola isocrates, F). — Pome- 
granate was commonly grown till recently round about Timpur and 
Coimbatore. But its cultivation is, of late, being given up and the 
gardens are either abandoned or the trees cut down, mostly due 
to the ravages of this butterfly against which the owners are practi- 
cally helpless. Occasionally the insect also attacks other fruits like 
guage, apple, Sapindus, etc. (Plate 160.) 

The butterfly lays her shining whitish eggs singly on the surface 
of the fruits and the cateipillars, on hatching out, bore into the 
fruit ruining the entire contents. The full-grown caterpillar is 
stout, about I inch in length and is sparsely covered with hairs. 
Pupation takes place inside the fruit itself. 

Control . — Simple measures like collection and destruction of the 
infested fruits and .screening or bagging the healthy ones were 
suggested but none of theee can be assiduously adhOTCd to by the 
powers. Recent trials with BHC and DDT sprays at regular 
intervals have given some indicative results, but the experiments 
could not be pushed to conclusive results as the peet was practically 
absent during 1950. 

The cockchafer beetle (Melolonthidae). — These are heavy-built 
beetles of various hues and are attracted to lights in large numbers 
during certain seasons of the year. Eggs are laid at a depth of two 
to three inches below the soil. Fleshy white grubs, with lane 
brown head, wrinkled and curved body, hatch out and feed on the 
roots causing considerable havoc, adults are nocturnal in 




Plate l‘J9 . — The (jrjpe vine flea beetle - Sco.otioiita 

singicollw, B. 1*. 963 
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habits and are equally destructive as they nibble at the leaves of 
plants. The entire life history takes about one to two years. On 
the Nilgiris, their depredations are well-known and commence by 
August, ending by January. Trials to control thie pest by setting 
up light traps to attract the adults, flooding, ploughing, application 
of soil fumigants round the plants to kill the grubs gave only partial 
relief. A heavy incidence of these grubs on strawberry was warded 
off by the timely ajiplication of BHC D'025. The soil round the 
plants was dug up to a circumference of about nine inches. 
BHC D 025 was sprinkled in and the soil covered up. A cent per 
cent mortality of the grubs was noted in about 21 hours. The 
calculated cost is about lis. 40 per acre. 

Pest of cashew. — Cashewnut has, of late, been in great demand, 
in the hard currency areas like iinerica and is, therefore, contri- 
buting in its own way to earn the d<>llar currency so very necessary 
to stabilise our national economy. 

The chief pests of this crop are the thrips Selenothrips rubro- 
cinctus G. wdiich is also recorded on Cacao in Ceylon and the bug — 
Helopeltis antonii S. The w^ater scale Ceroplastes pnidemis C also 
is occasionally 8(‘on on this fruit tree. The wild silk moth — Cricula 
trifenestrata 11 is a sporadic but serious pest. Ko special work was 
done towards the control of theee pests but the methods suggested 
for similar on other crops can as well be adopted with 

advantage . 

The cashew Cerambiinds (Plocaedenis ferrngineu.s, rar, niger 
G, P. consocius, P. — These longicorn beetles cause considerable 
havoc to these fruit trees on the West Coast. The adults are big 
sized, dark-brown inserts, possessing the characteristic pair of long 
feelers. They emerge generally late in the evening‘s after some 
sliarp show^ers. The eggs are laid <m the hark and the grubs on 
hatching tunnel into the tree-trunk in different directions on the 
main stem, often extending down to the roote as well. They feed 
on the cambiaL layer and a thick reddish mass of chewed fibre and 
their excreta are thrown behind in the tunnels. The infestation 
can be delected by the exudation of small (piantities of a reddish 
fluid from (he bore-hole. Badly infested trees produce a slightly 
hollow sound wdien tapped gently with a stick. The later indi- 
catione are that the leaves turn yellowish and drop and the tree 
itself dies eventually. The grubs continue to feed on the trees even 
after its death, and a.s many as 250 of tliein have heeir counted inside 
a single trunk. The full growm grub is fleshy, stout, creamy whita 
in colour, about two inches in length. Pupation takes place inside 
a cocoon made of eorae calcareous matter probably Calcium carbo- 
nate. 

Control. — ^With the imperfect knowledge on hand regarding the 
pest, it is difficult to suggest any feasible method of control. Indi- 
vidual grubs may be removed mechanically, if their presence inside 
the tree is detected in time. Badly damaged trees should be cut 
down and used as fuel immediately. The adult.s which are 
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slugggish in habite can be caught as they emerge late in the 
evenings and killed. No natural enemies or alternative host-plants 
have been recorded so far. 


7. Sugarcane. 

Sugarcane is one of the most important industrial crops of this 
State and its cultivation is practised on a large scale in the districts 
of Visakhapatnam, Godavari, Bellary, North and South Arcot and 
Coimbatore. 

This crop also has its own insect enemies to contend with, the 
more important forms being the early shoot borer — Argyria (Proce- 
ros) sticticraspis, H., ihe cane borer — Diatnra (Proceros) venosata^ 
W., tile top shoot borer — Scirpophaga sj). , the cane leaf-hopper — 
Pynlla perpusilln, W., the rice grasshopper, Hieroglyphiia banian, 
F., and two species of termites. 

The borer pests have been under study from the very inception 
of the section. Considerable spjide work has been done on their 
habits and tentative measures like application of arsenical poisons, 
sodium fluosilicate, etc., were tried off and on. Research was 
further eoneent rated on the detailed life history of the three species 
and their natural enemies, alternate hosts, etc., from the year 1935 
onwards up to 1942 and some interesting results were obtained. 
In spite of these endeavours, the control of the borers still remained 
as elusive as ever. A comprehensive echeme of research w’as, there- 
fore, initiated by about 1942 at Coimbatore and Nellikuppam in 
South An'.ot district. The scheme was financed hy the Imjierial 
Council of Agricultural Research up to 1945 and was later taken 
under the aegis of the Indian Central Sugar Committee. The 
main lines of research on the fundamental side are <>tudie8 on the 
influence of the climatic and weather factors on the borer jiopula- 
tion, mortality and compensation indices, alternative host-plants, 
natural enemies, etc. On the economic side the trial of the egg 
parasite — TTichogTamma — constituted the main item. A few other 
methods like earthing up of the young plants against Argyria, 
digging out crop residues, spike thrust, insecticidal trials, etc., were 
also investigated. The biological control trials were discontinued 
in March 1950 at Nellikuppam and work on the fundamental 
aspects is being continued at Coimbatore. A gist of the resulte is 
furnished below. 

The early shoot borer f Argyria sticticraspis, TI.). — The moth is a 
small straw-coloured insect. It is essentially a pest of the young 
crop nnd makes its appearance almost along with the sprouting of 
the buds by April-May and continues its damage till June-July. 
The caterpillars bore into the young tillers causing withering and 
eventually their death. In some cases, the incidence of the pest 
is supposed to be a blessing in disguise for the reason that it induces 
profuse tillering but this cannot always be an advantage as it may 
ultimately lead to the late maturity of the crop. The pest dis- 
appears by June-July, but may occasionally be seen on toe 
loping canes also. 
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The female lays her pale, scale-like flattish epjgs in batches on 
the leaf surface and the caterpillars on hatching out, bore into the 
shoots. The full grown caterpillar is about an inch in length and 
pupation takes place inside the stem itself. The egg stage extends 
for about three to four days, the larval for about a month and the 
pupal period about ten days. 

Alternative hosts. — Negligible numbers of the caterpillars have 
occasionally been recorded from Saccharum sponianetim and also 
on Penniseturn hockenhackeri during 1946-47. 

Natural enemies. — The natural enemies of this post comprise 
of the egg parasite — Trichogramma minutum R. (Chalcidae) and 
Teleiwmus beneficiens, Z. (Hcelionidae) and two larval parasites — 
Stenobracon sp. and Apanteles flavipes^ C. 

Control. — The possibilities of an intensive colonization of the 
egg parasite — Trichogramma — were fully investigated against 
Argyria at Nelhkuppam for the past seven years. The parasites 
were bred at Coimbatore on a mass scale on the eggs of Corcyra 
cephalonica , H. and the parasitised egg cards despatched to Nelli- 
kuppam by post. The adults were released in the cane fields on 
their emergence. The plots were each three acres in extent situated 
sufficiently far away from one another with an ade<]uate number 
of replications and control and the variety of cane grown in these 
plots was Co. 349 except for one year. Two sets of experiments, 
one with six weekly liberations and the other with twelve, at the 
rate of 8,000 parasites per acre were conducted till 1046. As the 
results were conflicting, the releases were modified by 1017 to only 
one set of twelve liberations at 16,000 parasites per acre. Fort- 
nightly data regarding the egg parasitization, borer infestation and 
borer population were recorded and the yield also was finally 
assessed at harvest. Increased aggregate para.sitism langing from 
13 per cent to 36 per cent w^as in evidence in the treated plots. 
Borer infestation was reduced by 8 to 32 per cent and the trends 
of the population were more or less parallel. During the seven 
years of experimentation, the additional yield of the treated plots 
ranged from 2*78 tons to 10 35 tons per acre for five seasons and 
the results were negative during two seasons only. In spite of the 
apparently encouraging data, the interrelation between the different 
aspects of study were not statistically significant. This line of work 
was, therefore, closed by March 1950 with the general and broad 
conclusion that the colonization of the parasites increases the degree 
of field parasitism. 

Earthing up of young plants with a vievr to smother the egg 
masses as well as the young caterpillars of Argyria was tried. The 
variations in the reduction of the incidence ranged from 8 per cent 
to 63 per cent in the treated plots, during the three years of trial. 
Proportionate increases in the yield were also recorded but the 
figures were not statistically significant. Digging out the crop 
residues was conducted for a period of three years with a view to 
eliminate the breeding ground of the borers during the offseason 
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and incidentally to augment the yield as well. The method appears 
to be within the economic limits of the ryot since the calculaited 
net profit by this treatment alone ranged from Es. 21 to Bs. 91 
per acre. But certain limitations like its impracticability in clayey 
soils and the scarcity of labour during the harveet season render it 
unworkable. Spra>ing with DDT and BHC were also tried but 
the results were conflicting. The mechanical destruction of the 
larvae by inserting a thin stiff wire into the central shoot was 
found equally impracticable. 

The cane borer [Diatroea (Proceros) venosata, VT.]. — The acti- 
vities of this ineect are restricted to the well formed canes. The 
pest appears by July-August and progressively increases in its viru- 
lence up to the harvest stage. The caterpillars bore into the cane 
and in bad eases affect the juice quality. The colour and size of 
the adult as well as the life-histon’ details are more or less the same 
as in the case of the shoot-borer, but the caterpillars have definitely 
a roving habit. Feasible methods of control have yet to be evolved. 

Altenialive hosts. — The pest has been found to feed on Saccha~ 
rum sponianeum and maize in South India, and on Sorghum, Ikri, 
Bajra and Sudan grass m North India. 

Parasites. — Tlic eggs are parasitized by Trichogramma 
minufum E, and Telcuomus sp. fChalcidae), Stenohraron deesae C., 
Rhaconotus ro.slinensis Lai, R. scirpophagae Wlk, Apanteles 
faripes 0. (Braconidae), Goniozus indirus A., and Xanthopimpla 
nursei C. and Pimpla sp. (Ichneumonidae) are found to keep the 
pest in check in its larval stage. The pupae are attacked by two 
Eulophid parasites — Tetrastichus ayyari Eoh. and TrichospUus 
diatroeae (MS). A fungus — Isaria sp. — has been noted on the 
larvae at Coimbatore. 

The top borer (Scirpophaga sfv). — The moth is characterized by 
its fujre white wings with an orange coloured tuft at the end of 
the abdomen. The eggs are laid in small masses on the leaves and 
are differentiated from those of the other 8peo.ie.8 by the presence of 
a buff-coloured hairy covering over them. The caterpillars bore into 
the cane but confine their activities to the terminal regions, causing 
the characteristic bunchy tops. The pest is not serious in South 
Itidia. (Plate 131.) 

Natural enemies. — Tetrastichus, sp. (Enlophidae) and Telench 
mus beneficiens, Z. and T. rowani (Scelionidae) have been observed 
a^'. egg parasites. Among the larval species may be mentioned 
Stenohraron niceuillet, Bing, S. deesce C. and Rhaconotus scirpo- 
phagae, Wlk (Braconidae), Elasmus zehntnerif F. (Elasmidae) 
Goniozus, sp. (Bethylidae) and Shirakia, sp. A few species of 
small ants and spiders also feed on these insects. 

Alternative hosts. — Saccharum spontaneum has been found to 
harbour these borers in South India. 

The cane leaf-hopper (Pyrilla perpusilla, W.). — This is a Fulgo- 
rid bug w’ith straw coloured wings and a prominent snout. It 
occurs practically in all the sugarcane nreM, but is generalljr dtroidto 
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in parts of the Northern Circars, South Kanara and occasionally 
in parts of Coimbatore and South Arcot. Uurmg bad seasons 
millions of the bugs apx^ear m swurms and the crop loses its vigour 
and looks sickly due to the enormous drain on the nutritive mate- 
rial. The adults and young secrete large quantities of a sweetish 
fluid on which the fungus — Sooty mould — develops, making the 
plants look all the more unsightly. (Plate 132.) 

Batches of greenish yellow eggs are laid on the undersurface 
of the leaves and covered by a mass of fluffy material. Nymphs 
hatch out in due coursci and are characterized the presence of 
the two tail like processes. The total life cycle extends up to two 
months. A Brynnd w:isi ) — Dryirms pyrillae — and a species of 
chalcid parasitise the nymplis and the eggs resix^ctively. 

ControL — A severe incidence of the pest was experienced at 
Nellikuppam during 1U32 and again at Coimbatore and South 
Kanara during 1947—18. At Nellikuppam, ellorts were made to 
control this pest by spraying kero.sene oil emulsion, setting up of 
light traps, bagging with hand nets and collection of egg masses. 
The first two methods were practically usele.ss, while a certain 
amount of relief appears to have been achieved by the latter tw'o. 
Even here, ilie miriiisic value of the control methods has been 
pructicall} very little, .since the check which was efiecled at an 
enormous expense was very soon neutralized by the invasion of 
Ihe hugs from the surrounding untreated areas. BHC 1) 025 was 
tried for the first lime at Coimbatore in 1947. The bug, which 
was Irad on about st*\eii acres was pracUcully exterminated with 
one application. llex}clan 5 per cent — another BHC product — 
was tried m South Kanara with similar effects. The quantity of 
clieiiiical required to dust an acre may be from 20 lb. and above 
depending u[)on the severity of the pest and the stage of the crop. 

The cane grasshopper (llierogrlyphiis banian, F.). — The same 
species mentioned Under, rice takes to sugarcane also in parts of 
Northern Circars during certain years. The methods of control 
advoc,ated till recently were the same as for the leaf -hopper but 
wiili a greater stress on efficacy of organized beats, use of hand 
nets, etc., but as in the case of most of the mechanical methods, 
complete extermiinition was not possible. BHC D 025 was first 
tried at Bobbili and the results were spectacular. The chemic 4 il is 
since being used on a large scale by the ryots. For natural enemies, 
alternative host -plants, etc., please refer under * Rice 

Termites, — Two species Odovtotermes nbrsus, R. and Euiermes 
haemi, W. have been recorded to be occasional pests of sugarcane. 
The former devours the entire contents of the setts below the 
ground, while the latter is more a leaf-eater. The best method 
would be to destroy termite mounds, if any, in the near vicinity. 
Mixing crude oil emulsion or tar emulsion in irrigation w^ater may 
be adopted as a palliative in cases of bad attacks. Application to 
the soil of BHC or DDT is proving useful. 
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8. Cotton. 

Cambodia cotton is subject to damage by a number of insect 
enemies of which the bud and bollworms and the stem weevil are 
the more im|X)rtant, besides the leaf jassid more recently flaring 
up into pominence. The study of these pests has been one of the 
earliest items to be investigated by the section from the year 1912 
onwards. 

The bollworms — These comprise of two categories, viz., the 
spotted bollworms — Earias imulana, B. and Earias fabia, 8. and 
the pink bollworm Platyedra tjossypiella 5. The former attack 
only the shoots and buds and hence are not of much importance. 
The pink bollworm — Platyedra gossypiella, S. on the other hand 
is more serious and occurs all over the State. As the name sug- 
gests, the caterpillars are pink in colour and cause considerable 
damage by boring into the green bolls, kapas, seeds, etc., and 
ruimug the contents (Plate 133). 

The adult is a small, blackish brown moth and lays her small 
flat eggs singly on the tender leaves, flower buds, etc. The cater- 
pillars hatch oui 111 three to four days and bore into the bolls. They 
get full grown to a length of about half an inch in abont three 
weeks and pupate inside. The adult emerges in about ten days. 
The caterpillars also attack the seeds during the later stages and a 
fairly good percentage of them have been noted to undergo what 
.’8 known as the larval diapause stage. The pest being of all India 
importance, a good amount or work has heen done on the life- 
history and habits of the [lest and a fund of literature is avail- 
able. . 

Alternative hosts. — 'J'he spotted bollworm breeds also on 
dbuttlon indicum, .1. htrium, Jlibiscus rosaxiuensis, II. canna- 
hinus, H. esculentas, H. vitifolius, Malvastrum coromandelianum, 
Althoea rosea, etc. The caterpillars have a special partiality for 
the pods of Hibisctis vitijolius. The pink bollworm, on the other 
hand, usually confines its activities to cotton and is occasionally 
found on Hibiscus oannabinus, H. vitifolius and H. esculentw. 

Parasites and predators. — The spotted bollworms are subject 
to field prasitisation by a number of wasps like Microbracon lefroyi, 
D and G, M. qreenii Ash, M. hcbetor Say, Rhogos aligharensi Q, 
Bassus, sp, Elasmus johnstoni, F, Melcha nursei, C, Polydaspis 
comprvssiceps , D. and also by a tachinid fly — Actia hyalinata Mall. 
The pink bollworm has its own parasite complex, most of them 
being larval forms. They consist of Apanteles pectinophorae and 
Microbracon gelechidiphagus liamk, Chelonus sp and Goniozus, sp. 
Possibilities of biological control with the help of the egg parasite— 
Trichogramma minutum B — are also on record. 

The .stem weevil (Pempherulus affinis, F .). — This ranks almost 
equal to the pink bollworm in its status as a pest. The adult is 
a tiny, brown weevil, one-eighth inch in len^h. The injury ii 
caused by the grubs boring into the stem and causing {nromine&t 
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swellings generally at the lower portions of the plants. Young 
seedlings invariably succumb to the attack and the grown up plants, 
though they survive, lose their vigour and often lodge, snapping at 
the swollen portions. The pest has been under intensive study 
from the very inception of the section but the damage caused has 
been so serious and widespread that it warranted more detailed 
investigations under one or two special schemes. One such scheme 
was sanctioned by the Indian Central Cotton Committee to study 
the distribution of weevil in India both in cotton and its alternative 
hosts, in conjunction with a search for parasites and predators. The 
scheme was imtiated by October 1935, and continued to function 
under the Cotton Specialist for a period of four years. The work 
was further continued under the Government Entomologist for 
another period of one \ear and three months when it was finally 
closed in 1911. A fund of information has accumulated during the 
course of the studies and a resume is given below (Plate 134) : — 

The parent deposits her shining wEite eggs singly under the 
surface of the stem. 'J'he grubs hatch out in about nine to eleven 
days and bore inside. The larval stage extends from 30 to 45 days 
and the pupal ten to tw^elve days. 

Alternative host plants. — Special attention has been paid to this 
aspect and the wx'evil has been found to breed on a variety of wild 
and cultivated plants, viz., Triumjcttxi rhomboidea, Ciirchorus Oh- 
tvriuSf Corcliorus trilocularis, Sida acuta, Sida spinosa, Sida gluti- 
t206'a,j|Sida rhomhifoha, Malvastrum coromandclianum, Hibiscus 
vitijouus, H. ficulneus, II. csculcntus, H. CMHuabiaus, H. surat- 
tensis, Urena sinuaia. Melochia corchorijoUa, Abuiilon indicuin, 
Abutilon hirtum, .1. ylaucum, Thespcsia sp. etc. Of these plants, 
Triumjctla rhoniboidca seems to be the most favoured of the wild 
plants. 

Parasites. —One of the interesting aspects which came to light 
is that the grubs arc parasitized exclusixely b\ certain species when 
it breeds on the alternative host plants, while a few’ others have 
been found to be specilie on it when it attacks cotton. The species 
recorded in association with cotton are Spathius critolaus^ N., 
Euderns pamphcriphila, K and M, Kupelmus, sp. Aplastomorpha 
calandrae, H. Eupelmus urozonus, 1), etc. A mite Pcdiculoides 
ventficosus Newpt — has been found to he predatory on the larvae. 
Some WDrk w’as done on the first mentioned species but its poten- 
tialities could not be put to a critical test under field conditions. 

On the grubs breeding on alternative host plants, Entedon 
pempheridis, F., Dinarmus santcri, M., Eupelmus urozonus, D., 
and Euderns pemperiphila , l\. and M. and Spathius. labdacus* N.. 
S. critolaus, N., HUaconoius eleanthes, N. and R. menippus, N., 
have been recorded as parasites. A nematcKie parasite — Geomermis 
indica, St. has also been noted. 

Besides tliese, a number of parasites attacking allied weevils 
in North India have been tried against this one, but no tangible 
results were forthcoming. 
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Control measures. — The control of the two pjests on a crop 
which is grown on so vast a scale presents a very knotty problem'. 
The only feasible method was the rigorpus apphcation of some 
measure by which the pest could be starved out of their natural 
food. The provisions of Pests and Diseases Act, 1919, were apphed 
in respect of this pest, and the removal of all the cotton plants by 
about a month before the sowing of the succeeding crop was 
enforced as early as 1919. The enforcement of the Pest Act, 
besides achieving the object in view, has stamped out the pernicious 
practice of indefinitely ratooning the crop, which in its turn allowed 
the insect pests to breed in their milhons and serve as a perpetual 
source of infestation. Enquiries go to show that the enforcement 
of the Pest Act has resulted in definitely improving the quality 
of the cotton and it is, therefore, still kept in force. 

2'he cotton jassid (Empoasca devastens, D.) : — These jassids 
popularly known as leaf hoppers form another serious pest of the 
exotic varieties of cotton, probably assuming as much magnitude 
as the other pests during certain years. These bugs have been 
under investigation for the past 40 years by Entomologists as well 
as the Cotton breeders all over India 

The adults and their young occur in their millions from Nov- 
ember to January and practically ruin the crop by sucking the 
nutrition. The leaves develop a crinkled appearance, sometimes 
assuming a reddish colour. The growth of the plant is retarded 
and the yield reduced to practically nothing. The eggs are thrust 
singly into the soft tissues and the nymphs hatch out in five to 
fifteen days. They attain the adult stage in about ten to twelve 
days. The adults live from 30 — 48 days. The comparatively long 
lease of life, the high prohficity as well as the short life-cycle of 
these bugs enable them to multiply rapidly and complete two or 
three generations during the vulnerable stage of the crop. 

AUermtive host plants. — Besides the indigenous and exotic 
cottons, the jassids occur in a severe form on bhendi, //. esculentus, 
brinjal — Solanum melongena — Sun flower — Helianthus annus — 
Hollyhock — Althoea rosea — and potato — 8. tuberosum. 

Attempts to control this bug with sulphur, lime-sulphur, tobacco, 
kerosene oil emulsion, bordeaux mixture, etc., have met with 
very little success. More tangible results have been achieved by 
the Cotton Specialist, Coimbatore, in breeding jassid-resistant 
strains where the degree of hairiness of the leaves is one of the 
factors associated with the resistance. 

Recent trials with DDT as dust and spray have indicated a 
Mlution for the problem. The chemical has been highly effective 
in both the forme, but the i^ray at O'l per cent concentration is 
more efficient and economical. Hexa-Ethyl-Tetra-Phosphate a 
new insecticide has shown considerable promise against these 
jassids. 
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The cotton aphis (Aphis gossypii, G.). — Exotic varieties of 
Combodia cotton otten suiter severely from these aphids. Colonies 
of these dark-brown minute msects establish ihemselveb on the 
tender portions of the plants and leaves, suck the plant sap and 
cause the wilting of the shoots. Severe infestations are characterised 
by the secretion of appreciable quantities of honey -dew and a 
number of species of bees, wasps, flies, ants, etc., visit these 
colonies for the sake of this sweet hquid. Occasionally a ‘ sooty 
mould ’ also develops on this stick secretion and the plants present 
a blighted appearance. These aphids are invariably attended by 
their natural enemies, the more important of which are a few 
species of lady-bird beetles and then grubs (Chilomenes sexnxmvir 
lata. It.) and maggots of sjrphids (Xanthogramma scutellara, F.) 
and lace- wing flies (Chrysopa, sp.). These predators generally 
exert a considerable influence on the natural control of these 
aphids. 

Control measures, — The approved method is a thorough wash 
with tobacco spray but the treatment may have to be repeated more 
than once in cases of severe attack. Recent trials have shi>wn the 
remarkable efficacy of HETR and BUG sprays and these are 
likely to supplant tobacco spray very soon. 

Among the minor pests of cotton, wEich occasionally assume 
a major role arc the flea beetle — Monolepta signata, 0. and the 
thrips — Thrips tabaci, L. These invariably occur during the 
earlier stages of the crop, when it is unable to withstand the 
damage. The use of arsenical ix)isons for the former and tobacco 
decoction for the latter were recommended so far. Recent trials 
with BHC I) 025 have given very encouraging results against both 
these pests. 


9. Oil seeds. 

A number of crops come under this category of which the more 
important are the coconut, groundnut and castor. 

Coconut. — The major pests of this crop are (a) the black-headed 
caterpillar — Nephantis serinopa^ M., (b) the Ehinoceros beetle — 
Oryctes rhinoceros, L,, (c) the Red Palm weevil — Rliynchophorus 
ferrugineus, F., and (d) Rats — Rattus rattus wroughtoni, H. 

The black-headed caterpillar (Nephantis serinopa, .1/.). — 
This is generally present in a mild form on coconuts and palmyrah, 
mostly along the East Coast. The pest flared up in South Kanara 
by about 1921 and had since spread to an alarming degree through- 
out the coastal belt. The dam^e is caused by the caterpillars. 
The adult is a small moth, yellowish w^hite in colour. Eggs are laid 
in groups on the underside of the leaf, generally near the old larval 
gallerias. The caterpillars hatch out in four to six days, construct 
tiny galleries out of frass and pellets and feed on the green 
matter from under the cover. They attain full growth of an inch 
in about 30 days. The leaflets are deprived of the green matter 
on account of t^e oontinoed feeding and their colour is reduced to 
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that of a luere browuiah parchixieut. Cousequeutly the whole 
garden presents a scurclied appearance when seen trom a distance 
and the yield also is reduced considerably (riate 135). 

Control . — The evolution of the control measures can be dealt 
with under two oroad puases. A systematic cuttmg and burnmg 
was, at hrst, advocateu as an immediate and emergent measure 
and It was later augmented by biological control as well. 

Cutting and burning . — The situation, on receipt of the first 
report by ruiii, was mUeed critical and was even deteriorating 
rapidly, probaoiy due to the singular aosence of any of the natural 
enemies whicn generahy Jieep such outbreaks m check. Some 
measure which would mitigate the vnulence of the pest had to be 
immediately thought of and advocated. In the absence of anything 
belter, tne only expedient was to recommend a wholesale cuttmg 
and destruction of the infested leaves. As the method was crude 
and laborious, it did not find favour with the garden owners, in 
the lew instances where they could be persuaded, the response was 
not spontaneous nor was the work conducted anywhere with the 
required degree of promptness and thoroughness. The provisionB 
of the Pests and JJiseases Act, 1919, were enforced over an area 
wiihm five miles radius of Mangalore by January 1923. The 
stipulations of the Act made it obligatory on the part of the owners 
to follow departmental advice lor eradicatmg the pest. A gang 
of tappers was employed and the progress of clearmg the infested 
gardens was pushed on vigorously undertthe supervision of special 
lie venue Inspectors. With the accumulation ol experience, it was 
later decided that the cutting of the entire fronds was not neces- 
sary and only the ieafiets were shaved olf with a billhook specially 
designed for the pmqKise. During the initial stages, the cost of the 
operations was recovered irom the ryots but was later borne entirely 
by the Government. With all the unpopularity inevitable in such 
maiden legislative ventures, the progress of the work was satisfac- 
tory and the overall effects were definitely favourable in the operat- 
ed areas. The pest bad, by this time, spread practically all over 
South Eanara and Malabar and the Act was. therefore, extended 
to the two entire districts. 

The search for natural enemies (as described subsequently) 
and the attempts to adopt these insects for biological control having 
borne fruit by 1926, the aid of these natural agencies also was 
pressed into service. The parasites were reared in their thousands 
and kept in readiness in small laboratories established in the loca- 
lities. Heavily infested gardens were first cleared of the pest by 
the mechanical method and kept under a careful watch. At the 
first fflgn of reinfestation, the parasites were rushed to the spot 
and liberated with a view to check the secondary' infestation in its 
early stages. The results of these combined operations were obvions 
by the general decrease of the pest and by the subsequent recovery 
of the species of the beneficial insects liberated in the area. Al 
tire latter had to be conserved at any cost, the cutting and biuniitg 
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technique had to undergo a further modification. Infested leaves 
showing indications of parasitism were kept enclosed in cages, 
specially designed to allow the escape of the parasites while the 
moths were detained inside. With the evidence on hand, it was 
concluded that a proper host-parasite ratio has been established 
in the field and the work was, therefore, closed subsequently in 
1931, with the liope that the artificial balance of life would be 
kept up by nature. 

Parasites, their initial collection and later adapUitioi^. — While 
the control operations were in full force in the West Coast, 
exhaustive surveys were conducted along the East Coast in all the 
palmyra and coconut areas for the natural enemies of Nephantis 
serinopa, as there was reason to believe that the pest has been 
prevalent there for a long time and was probably kept in check by 
its natural enemies. Ten species of the parasites and predators 
enumerated below were found to occur in these areas : — 


Apanieles taragftmsp, V. 
Pdriaierola nephantidis, M. . . 
Microbracon brevicornis, W. . . 
Elafloaus nephantidis, K. 
Bt<)matoceros gulcatiscutellum, 

O 

Xanthopimpla punctata, F* . . 
Triphlepa ap. . . 
Sphwianoleat<*8 nuroaccna. D. . , 
Parana Uticinctn, B. . . 
Winfchemia ap, . . 


Braconid. 

Bethvlid. 

Braconid. 

Elaamid. 


Larval paraai e. 
Do. 

Do. 

Do. 


Chalcid. Pnpal parasite. 

Ichneumon id. Do. 

Anthocorid bup. Kpp parasite. 

Rediivid bug. on e^^g and larvae. 

Carabid. on larvsB. 

Tachinid. parasite. 


It must also be mentioned here that the Eulophid pupal 
parasite — Trichospilns pupivora, F. — which subsequently proved 
to be quite an efficient agencv, was later collected from Cochin for 
the first time. Work regarding the life-historv and habits of these 
forms, tlieir practical efficiency, adaptability for rearing under 
laboratory conditions, their range of alterative hosts, ability to 
thrive successfully under field conditions, freedom from hypier- 
parasites, etc., was pursiKnl further. Only Peri^ierola 7}€phantidis, 
M. and Trichospilus pupivora, F. stood the critical tests at the first 
instance. Available specimens of these were collected and despatch- 
ed to the temporary lahoratories which were already installed in 
the infested localities. The parasites were expeditouslv multiplied 
in the sub-siations for liberation in the localities desired. The 
technique of mass rearing was ven’ soon perfected and the adapt- 
ability of Trichospilus , sp. to a variety of lepidopterous pupae 
constitutes an interesting finding. A more recent development is 
the large scale rearing of Microhracoa serinoprr Eamk, on cater- 
pillars of Corcyra eephalonica , H. Adequate stocks of these three 
species are always maintained in the Section and nucleus consign- 
ments are being supplied to the infested localities. As already 
mentioned, the concerted efforts of the mechanical destruction of 
the infested leaves coupled with the intensive colonisation of the 
parasites for over nine vears had reduced the nest within control- 
lable limits in the West Toast hv 1931. and the work was. there- 
fore. closed subsequently. After i period of comparative lull for 
about ten years, the pest again flared up in the West Coast during 
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1941 and the breeding and liberation of the parasites wag again 
initiated with the help of a special staff. The work was discon^ 
nued after a certain amount of relief was obtained. Cutting and 
burning of infested leaves has not since been advocated, as such 
drastic methods are not always palatable to the public especially 
whei) they are enforced with the aid of legislation. 

Subsequent outbreaks of the pest, reported from Salem, 
Coimbatore etc., were promptly dealt with. Another alarming 
report was received from the East and West Gbdavari districts in 
1947. Two sub-stations were immediately opened at Narsapur and 
Bazole and two assistants with the necessary staff were stationed 
at these centres. Breeding and liberation of parasites were com- 
menced forthwith and the results have been highly satisfactory. 

The Rhinoceros beetle (Oryctes rhinoceros. L.). — This is one 
of the serious pests of the coconut palm occurring in most of the 
tropical regions and is equally bad in almost all the coconut grow- 
ing tracts in this country also. The bettle is a stout, well-built 
insect, dark m colour with a characteristic horn on its head. The 
adult burrows into the soft regions of the crown and feeds on the 
growing tissues. Indications of the damage are exhibited by the 
characteristic clipping of the leaflets and in serious cases the entire 
crown is deformed and seedlings, if attacked, invariably succumb. 
(Plate 136). 

The beetles breed in manure pits feeding on the decaying 
vegetable matter. Eggs are laid on the food material from which 
the grubs hatch out in due course. The full-fed grub is thick, 
fleshy and creamy white in colour and two to three inches in 
length. Pupation takes place inside an earthen cocixm at u depth 
of one to three feet from ground level. The total life-cycle from 
egg to adult has been found t« extend from three and a half to 
eight months. 

Alternative hosts. — The beetles take to palms of various 
species such as palmvrah, talipot, date and .\frican oil palms, 
American aloes, sugarcane, agave and occasionally pineapple also, 
particularly when coconut palms are not available nearby. 

The pest has very few natural enemies to contend with 
except for a species of mite — Uropoda sp — and the green muscar- 
dine fungus — Metarrhizium anisoplice. Ants also have been noted 
to feed on the grubs. 

Control measures. — The beetles can be removed from the 
trees with a barbecl hook (Plate 137). A certain amount of relief 
is also claimed by packing the axils of the leaves with a mixture of 
sand and salt. Manure pits suspected to harbour the grubs eaii 
be frequently raked up and the grubs picked and thrown out. 
More recent attempts to control them with the help of the green 
muRcardine fungus were not attended with any af^reeiable soooese. 
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Platf 138. -~T//c hairy caterpillar pent- Arnaaeta albiatriga, M, 
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The red palm weevil (Khyncbophorus ferrugineus, F.). — 
This is a reddish brown, stout, big-sized weevil and occurs all 
over the State. The adult is not capable of any damage, but the 
larval stages are spent entirely inside the host. The female lays 
her eggs singly either on the wounds already present on the tree 
surface or by scooping out small cavities. Soft whitish footless 
grubs with a reddish head hatch out m due course and bore mto 
the tree trunk, devouring the entire fibrous contents. The full-gruwm 
grubs are about 2 inches in length and pupate inside elongate 
ovul cocoons constructed out of the fibrous matter. In severe 
cases, the entire trunk is practicallj- riddled by hundreds of these 
grubs. The w^eevil attacks also other palms like date, sago, etc. 

Control measures . — The control of this troublesome weevil 
lies in one or two cominonsense methods. Cuts and bruises on the 
trees are the favourable egg-laying spots of the weevils. These 
should, therefore, be avoided and if present may be painted with 
some repellent like tar. It is rather difficult to save the infested 
trees but the spread of the damage can be prevented by prompt 
cutting and destruction of such trees. 

Slug caterpillars — Parasa Icpida, Conlhcyla rotuiiday H. 
and Natada nararia, M.. often occur on the fronds. The first 
mentioned one is not generally serious and the second one occurs 
sporadically in parts of South ^lalabar and Cochin. The incidence 
of Natada nuraria. hovvf-ji’er, seems to be a regular feature in parts 
of Godavpi, the damage being mo>i severe during summer months. 
No definite methods of control are feasible. Prompt cutting and 
destruction of the infested fronds ma\ help in kei^ping down the 
pest. 

Rats (The Indian rat) Kattus rattiis wroughtoni. H.). — These 
rats are sometimes *‘xceedingly destructive to coconuts. Their 
general coloration is reddish or yellowish-brown with the feet light 
yellowish. Peculiar nests are built on the trees themselves w'lth 
the fibrous strands of tlie leaf-sheaths for breeding purposes. The 
rodents bite lioles through tender coconuts in order to drink the 
sweet liquid and the spoilt nuts drop down in numbers. 

Kecentlv |X)ison baiting with zinc phosphide was found to 
exterminate the rats. 

Qronndmit— Tfte red-hairy caterpillar (Amsaota albistriga, 
M.). — This is a serious pest of most of the dry crops in the red-soil 
weas and is particularly partial to groundnut. In cases of severe 
infestation, millions of these caterpillars occur in definite broods 
and inarch from field to field leaving a trail of destruction behind. 
(Plate 138). 

Heavy infestation generally occurs from Julv to September, 
The full-grown caterpillars seek shadv and convenient six>ts, burrow 
down fo a depth of about 6 inches and punate there. Thev re»r> Mn 
omescent fill the next summer r-iins hv .Tulv on receipt of which 
the moths begin to devel op. The adults emerge <»xartlv on th^' 
third day after the next sharp shower and lav their cresmv white 
eggs in small groups the same night anywhere on the nearest 
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vegetation. The maximum laying capacity of an individual may 
be upto 1,300. Tiny dark-coloured caterpillars hatch out in three 
to four days, scrape and feed gregariously on the green matter. 
They begin to disperse when they are about 10 to 18 days old 
and march on in numbers in definite directions, devastatii^ every 
kind of vegetation before them. They attain full growth in about 
a month, when they turn reddish in colour. They go down to the 
soil after the next showers and the life-cycle is repeated next year. 

Though the pest occurs regularly in most of the dry red-soil 
tracts of this State, the severity of its incidence appears to be 
controlled, to a large extent, by the success or otherwise of the 
periodical showers. 

Alternative hosts . — These are polyphagous in habits and do 
considerable harm to a variety of other drv crops like Bajra, 
Sorghum, redgram, castor, cotton, etc., not *o speak of wild plants 
like Calotropis, Jatropa, etc. 

Natural enemies . — A few wasps and Tachinid flies have been 
found to parasites the caterpillars and occasionally a disease, pro- 
bably bacterial, has been recorded to kill them in numbers. 

Control . — The pest has been under investigation probably 
from the very inception of the section. Chemotropic trials with 
various essences did not give any satisfactory results. The adults 
are attracted to lights in large numbers and this line of work also 
was investigated. It, however, transpired later that only males 
are attracted, the number being proportionate to the intensity of 
the light. During the period from 1923 to 1929, observations on 
the effects of a systematic collection and destruction of the moths 
as they emerge from the soil and siibseqiientlv of the egg-masses 
and the gregarious groups of the young caterpillars also were con- 
ducted. In spite of these attempts to nip the pest in the earlier 
stages, thousands of the adults as well as the larvae were found 
to escape attention and the grown-up caterpillars had to be hand- 
picked later. The invasion of the caterpillars from the surround- 
ing untreated areas was guarded against by digging trenches across 
their line of march and destroying them as thev dropped and col- 
lected themselves there. The possibility of collecting the pupae 
also was explored and demonstrated on a large scale. The overall 
cost of all these operations, when conducted on a co-operative basis, 
came to Rs. 2 per acre, while the net profit was equivalent to 
Rs. 25 in the case of Bafra and over Rs. 60 in the case of ground- 
nut, according to the then prevalent rates. This technique has 
since been passed on as an approved method of control and the 
provisions of the Pest Act were invoked in respect of this pest in 
all the areas, where it was prevalent. 

Recent research consists in the use of DDT and BHC. The 
latter, when applied in the trenches as dust, causes an appreciable 
mortnlitv of the young caterpillars, BHC spray at O’t per cent 
had lethal effects against the grown-up stages. Further trials 
have shown that BHC dust 10 per cent, Agmcide cotton dust, and 
Pyrocolloid sprays cause a very high percentage of mortality. Ih 
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dpite of these mteresting results, the use of these chemicals is not 
likely to hnd favour m tfie generally backward and poor ary tracts 
of tile btate and until cheaper meUiods are evolved, tae primitive 
but fool-proof method of hand-picking has to stand. 

The groundnut aurulpoochi (Stomopteryx uerteria, M.). — 
The pest has been recorded from the very early days, but detaiiea 
investigations were taken up only by about Ihe larvae 

mine into the leaves and later web them together and teed on the 
green matter. Droughty conditions are favomabie for the multi- 
plication of the £Xist. -higgs are laid on the leaves and the cater- 
pillars hatch out ill three to lour days. The larval and pupal 
periods extend from 9 to 17 days and Irom three to seven days, 
respectively. 

ALtetfiative hoaU. — This pest also infests Soya beans, red- 
^ram and Paorolea corylijolta. 

Natural enemies. — Two pupal parasites, Brachymena plu- 
iellophaga G. and Eupelmiis sj). and four larval parasites — /lpa7i- 
teles sp. Alicrobracon sp.^ Btrisierola sp. , and Ckelonus sp. , have 
been noted so far. 

Control measures. — The adults have a strong attraction to 
light, but their destruction by this method has not yet proved 
itself to be a definite method of control, iiccently dusting with 
Bile has been reported to give very convincing results. 

The groundnut aphid (Aphis laburnii, K.). — These aphids are, 
of appearing m a serious form in pai't;^ ol Ceded districts and 
Chittoor. Colonies of them occur on the under-side of the leaves 
and on the stem, causing a severe drain of the cell sap, with the 
result that the infested plants wilt avray. The pest is often kept 
in check by the activities of predaceous lad} -bird beetles. Dusting 
with BHC D 025 has recently been found successful. 

Pests of Castor — The castor semilooper (Acbma janata, D.), — 
This is a specific |x‘st of castor found all over the State. The 
caterpillars occur in their thousands and completely defoliate the 
plants leaving only the midribs. 

Greenish brown eggs are laid b} the female singly on the 
tender shoots and leaves and the larvae hatch wthin three to four 
days. The caterpillars have peculiar semilooping action in their 
movements as the first pair of pr^legs is reduced. A full grown 
specimen is about ‘2| inches in length, smooth, elongate and dull 
greyish brown in colour, with considerable variations. Pupation 
takes place either in the soil or in folds of leaves. The life cycle 
extends to about a month. The adult is a stout moth greyish brown 
in colour with black blotches on the hind wings. 

Besides castor the pest is found on pomegranate, rose and a 
few Euphorbiaceous weeds as well. 

Bggs are parasitised by the Chalcid-Trichogramma sp. A 
number of Hyraenopterous parasites are found attacking the larvae. 
They are Tetrastichus ophiusm Crwf, Microtovidea lessonata ^Ter, 
Hymenohosmina sp., Zaminochorus orientulk, Vier, Paniscus 
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ocellaris Th, Euplectrus leucostomus Boh, Henicoepilus Bp., Mho- 
gas percurrens Lyle and MieropUtis mactUipsnnis, Sz. Of these 
the last mentioned parasite has the peculiar habit of oonstrocting 
a pillow-like cocoon under the tail end of the host. 

Control. — ^Hand picking and destruction of the caterpiUars in 
mild cases, and treatment with arsenical poisons in bad cases, are 
advocated. Attempts at biological control with the egg parasite, 
Triehogramma sp. did not 5'ieTd any conclusive results. BHC 10 
per cent is elective against the early stages of the caterpillar. 

The castor shoot and seed borer (Dichocrocis puuctiferalis, 
G.). — The caterpillar infests the shoots of young plants and takes 
to the capsules in a grown up crop. The infested portions are 
webbed together with silken threads covered by the pellets and 
some frassy material. The full grown larva is about one to one 
and a half inches in length and brown or reddish brown in colour. 
The body surface is covered with short hairs. It pupates inside 
the stem or the seed capsule. The moth is browniih yellow with 
dark spots on the wings. Besides castor, the pest is found on 
turmeric, ginger, gua\a, peaches, cacoa, mango infloresence, etc. 
It is fairly serious on cardamoiii also. Only one Ichneumonid- 
Dioctes trochanterata , Mori., has been found to parasitise the 
larva. 

Control measures. — Only collection and destruction of attacked 
shoots and capsules can be suggested. 

The castor slug (Parasa lepida, G). — See pests of fruit trees. 

Castor Mite (Tetranychus telarius, L). — Colonies of this 
reddish mites occur on the lower side of the leaves under a faint 
webbing and lacerate the surface. The attacked portions are 
deprived of the chlorophyll and turn pale white in colour. The 
gi’ubs and adults of the Coccinellid — Scymnus gracilis, M — ^feed 
voraciously on these mites and keep them under check in nature. 
Recently the application of DDT for some other pests was found 
to bring about in its wake an inordinate infestation of these 
minute organisms, the probable reason being that the chemical has 
high lethal effects on the parasites and predators which keep these 
mites in check, while it has little or no action against the peat 
itself. 

Alternative hosts. — A variety of host plants are subjected to 
the infestation by this mite. They consist of Ganja (Cannahii 
sativa), Tomato (Lycopersicum esculentum), Cambodia cotton 
(Gossiypium hirsutum), Rose (Rosa spp.i and Jasmine (Jasminum 
sambac), Agathi (Sesbania grandiffora), Clitoria tvmata, Ari$Uy- 
loohia bracteata, Alysicarpus loiigifoUus, Argemone memcanum, 
Solanurn nigrum, Morns alba (mulberry), Sesbania aeuiata 
(Daincha). Codiocum interruptum, Acalypha wUkiesiane. 

Control. — ^Dusting flowers of sulphur or qiraying with lime 
sulphur is the approved remedy. A good wash with the extract of 
the kemele of Thevetia nerifoUa, J. was also fonnd to give e(|iia% 
good results , 
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10. Narcotics, Plantation Crops, Drugs, etc. 

The Betelvlne— (a; The betelvine bug (Disphinctus politug, 
W ). — This bug is severe in parts of the Ceded Districts during the 
months of October-November. The reddish brown female thrusts 
her eggs inside the young and tender tissues. The nymphs and 
adults puncture the leaves and suck up the nutrition. The affected 
spots subsequently develop a blistered appearance and the quality 
of the leaf is spoilt. In Ceylon a number of plants such as Cuphea 
jurullemis, Peperomia sp., Acalypha sp., and Guava have been 
found to serve as alternative hosts. In Bellary district, young 
leaves of guava and mango were found punctured by the nymphs 
during rains but no adult bug was noted at any time. No natural 
enemies have been recorded so far. (Plate 139). 

Control — A number of methods like hand-netting, dusting 
Calcium cyanide, tobacco dust and Belurnnite, spraying of tobacco 
decoction, and use of cone traps were tried from 19*27 onwards 
but none of them proved to be either economical or efficient. 
Recently DDT and BHC, both in the form of spray and dust, 
were found to cause a complete extermination of the pest and 
between the two, BHC spray 0*05 per cent had a quicker knock- 
down effect, but the advantage wdth DDT is that it does not 
affect the quality of the leaf. 

[b) The agathi weevil (Alcides bubo, F). — ^Agathi (Scsbania 
grandiflofa) is a coniiuon vegetable and fodder crop but is more 
extensively grown as a standard for betelvine plantations. One of 
the important pests against which this plant has to contend with 
18 this weevil, < Plate iltl). 

The adult is a fairly big sized insect, red in colour with white 
fitriations and a prominent beak. Kggs are thrust inside the plant 
tissue and the grubs on hatching, feed on the internal matter. 
Characteristic swellings develop as a result ol the internal irrita- 
tion and young plantations are often completely ruined. The wee- 
vils live for a fairly long period and one individual has been found 
capable of laying 85 eggs in the course of 42 days. 

The tw'o important alternative host plants for this weevil are 
cluster beans and indigo. The only natural enemy recorded to 
attack the grubs is a Braconid — Compyloneurus ceylonicus, C. 

ContfoL — Clipping the attacked shoots with the grubs inside 
and collection of beetles were some of the methods advocated so 
far. Arsenical poisons have also been tried with indifferent 
results. The weevil was very severe in some of the gardens round 
about Coimbatore during 1948-49 and advantage of this opportunity 
was taken to conduct a few trials with BHC and DDT both as 
dusts and sprays in different combinations. Both the chemicals 
were found to cause a high mortality, but BHC spray at 0*1 per 
cent effected a quicker and a more thorough extermination. 

One of the minor pests which regularly infests these plants in 
the lablab-bug — Coptoeoma cribratia, F. BHC D 025 was equally 
effective against this also. 

A.M.— 73 
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PSStS of tobaeeo — (a) The tobacco caterpillar (Pxodeuia liturai 
Pj.—rDis is a serious pest with polyphagous habits. Besides 
tobacco it feeds on a number of crope like castor, banana, agathi, 
tomato, cabbage and ganja. Irreparable damage is often caused to 
tobacco nurseries and sometimes, to the transplanted crops also. 

Eggs are laid on tender leaves in masses covered with brown 
hairs. ISmall darkish caterpillars hatch out in four or five days 
and feed gregariously during the earlier stages but get distributed 
as they grow in size. The full grown larva is about IJ inch in 
length, pale greenish in colour with dark markings. Considerable 
variations are also met with m the body colouration. The worms 
are nocturnal in their habits, feeding during nights and hiding under 
the clods during day time. Pupation takes place inside the soil. 
The adult, a dark brown moth, emerges in about a fortnight. 

Two Jhaconids — Apantelea prodeniae, Vier. and Chelonella 
sp — and an Ichneumonid — Diodes argenteopilosa^ C. are common- 
ly found to parasitise the larva. The Pentatomid bug Canihecona 
furcellata, W. has also been found to decimate the caterpillars in 
their thousands. 

Control measures, — The pest can be controlled by the collec- 
tion and destruction of egg masses and by clipping off the leaves 
along with the groups of young caterpillars. Flooding may be 
tried. Digging trenches may prevent the migration of the cater- 
pillars from one field to another. Stomach poisons may be tried 
in the case of valuable nurseries, iiecent trials have shown that 
BHC 5 per cent dust effectively controls this pest, but the after 
effects of the application of the chemical on tobacco have yet to 
be investigated. 

(0) The ragi leaf noctutd (Laphygma exigua, Hb.}. — This 
is one of the cutworms which often devours entire plots of ragi 
and tobacco nurseries. Eggs are laid m groups on the low^er portions 
of the plant and the caterpillars, on hatching, feed voraciously 
on the foliage. Pupation takes place under the soil. The inci* 
dence of the pest has been observed in varying degrees of intensity 
on onions, chillies, lucerne, indigo, gingelly, cowpea, brinjal, 
radish, amaranthus, daincha, turmeric, mango, castor, ganja, cori- 
ander, sorghum, agathi, cotton, etc. A sand dune we^ — Gisehia 
pharnaceoides y L. is reported to serve as a source of primary 
infestation in Guntur district. 

Natural enemies — Siurmia inconspicuoides ^ B and Actia 
monticola^ M. are the two dipterous larval parasites, while thf 
chalcid — Trichogramma minutum, ]{. parasitises the egg-masses. 
The Eeduvid bug — Rhinocoris fuscipes — ^has been found to feed on 
the caterpillars. 

Control, — The pest is usually controlled either by tnecbanical 
or by insecticidal methods. But a novel expedient was tried 
against the caterpillars on tobacco nurseries at the Imperial 
Tobacco Company, Chirala. Arsenical sprays were out of quea* 
tion since there was a likelihood of the poison being washed away 
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by the frequent overhead splashes of watering. The pest being 
particularly partial to ragi, successive rows of this millet were 
raised as a trap crop right round the nurseries. These were natu- 
rally preferred for oviposition by the moths. Kemoval and des- 
truction of tlie egg masses and caterpillars along with the plants 
(ragi) was but an easy affair. Kecently both BHC and DPT dusts 
at 5 per cent have been found quite effective. 

(c) The tobacco root bug (Stibaropus tabulatus, S). — These 
we Pentaiomids having the unusual habit of attaching themselves 
in small numbers to the roots of the tobacco plant. Such plants 
turn yellow and look sickly and stunted in growth. Tlie bugs are 
small, oval, deep brown insects, resembling cockchafer lieetles. 
They burrow into and excavate passages and deposit their eggs 
singly near the roots or rootlets at a depth varying from three to 
six inches. The eggs are peculiar in that they are not of the usual 
Pentatomid type but are cylindrical with smooth round ends. 
Nymphs, whitish in colour and with a brown head, hatch out in 
about four to five days and attach themselves to the roots. No 
alternative host plants or natural enemies have so far been recorded. 

Control. — Mixing crud^ oil emulsion or fish oil rosin soap 
with irrigation water has been suggested but the results are not 
convincing. 

PdStS of coffee — The white borer (Xylotrechus quadnpes, Ch.) 
is one of the most .serious pests of coffee in South India. (Plate 
141.) The characteristic symptoms of damage are the formation 
of the small ridges on the bark and the snapping of the plant 
itself at the seat of injury. The adult is a dark cerambycid beetle 
with white bands on the wings. They emerge during Apnl-May 
and October-Decernber and lay eggs in the crevices of barks. The 
grubs remain superficially inside the bark during the first two 
months and then penetrate into the deeper regions. A fully deve- 
loped grub is pale yellow in colour, about three-fourths of an inch 
in length with a broad liead and a tapering body. They pupate 
near the surface of the stem and the entire life-cycle takes from 
six to twelve months. A Eupelraid Meiapelrna, sp. is found to 
parasitise the grub. 

Control. — As this is^a borer, the only po.ssible method of control 
is a systematic uprooting and burning of the infested stems with 
a view to check the further spread of the pest. The Pest Act is 
in force in Madurai district from 1945 onw^ards, the object being 
to enforce the prompt removal and destruction of the infested 
plants. Decent trials like application of stem washes, smears, 
dusting DDT and BHC have been reported to give encouraging 
results. 

PeBtt of pepper — The pollu beetle (Longitarsus nigripennis, 
M). — This is a specific pest of this important commercial crop and 
has been under investigation from the very early days. The adult 
is a small beetle with shining bluish wings and yellow head. The 
hind legs are stout and adapted for jumping long distances. The 
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eggs are laid inside small cavities made on the rind of the berry. 
Pale yellowish grubs hatch out in about ten days and bore through 
the ripening berries and feed on the seeds inside. Each grub is 
capable of damaging two or three berries. They feed actively for 
about one month, and then dit)p down to the soil and pupate in 
a chamber of soft earth. The adults emerge in about a week. 
The damage is often reported to be serious. 

Control . — The control of this insect has been a problem. Hoe- 
mg the soil was advocated to kill the pupae. Spraying with the 
deterrents like Bordeaux mixture gave encouraging results but the 
treatment was later followed by an inordinate infestation by mealy 
bugs — Pseudococcus virgaius, C and Pinnaspis aspidistrae, 8. The 
probable explanation is that the fungicidal wash has had lethal 
action against the parasitic fungi which may be exerting a natural 
check on the mealy bug. 

The pepper scale (Lepidosaphes piperis, G). — This is a email 
grey, boat-shaped scale found in millions on the underside of the 
leaves as well as the vines. Badly infested vines gradually dry up. 

Pruning and burning the infested portions may help to keep 
the pest in check. Contact sprays have not so far given any con- 
vincing results. 

Pests of eardamom — The cardamom ihrips (Taeniotbrips carda- 
mom!, E). — Reports about the serious damage caused by these 
minute insects in the Anamalais w'ere recorded from 1935 onwards 
and the incidence increased in its intensity during recent years. 
Preliminary investigations were, therefore, taken up, but no head- 
way could be made due to the highly complicated nature of the 
problem. A comprehensive scheme of research, partly financed by 
the Imperial Council of Agricultural Research was sanctioned in 
the year 1944 and work commenced at Valparai on the Anamalais 
and the venue of work was later shifted to Singampatti in the 
Tirunelveli district in 1940. Definite methods of control having 
been evolved, it was considered that the continuation of entomologi- 
cal aspect of the scheme was not necessary beyond November 1949. 
The scheme was right through under the administrative control of 
the Government Mycologist, Coimbatore, the Entomologist giving 
the necessary technical advice. 

The adults are minute, dark-brownish slender-bodied insects 
and possess two pairs of fringed wings. The flower heads and 
leaf sheaths teem with hundreds of the thrips in all its stages. 
They lacerate the tissues and feed on the cell sap causing a heavy 
shedding of the flowers. In the case of those which survive and 
develop into fruits, the pods are undersized, malformed and 
shrunken and show the characteristic scab injuries. The seeds 
show very poor development and lack in the fine aroma of the 
healthy pods. The scabbed fruits obviously command a poor price 
in the market and the approximate loss caused by the shedding 
of the flowers and scabbing is estimated to be anything between 
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60 and 76 per cent. The redeeming feature, however, is that the 
fruits are susceptible to the damage only up to the stage when 
they are about 6 mm. 

The following plants have been noted as alternative hosts of this 
pest ; Amomum cannaevarjmm, A. involucratum , A. sp., Hedy- 
chiuni flavencenSf H. vcnmttim, Remusiia, aiiephora, ^olocasia 
antiquorum, Alocasia sp., wild plantain (Musa, sp.)., etc. 

No natural enemy has been recorded on this insect. 

Control measures , — A variety of insecticides such as Paris 
Green, Tartar Emetic, DDT both as dust and spray in various 
formulations, tobacco dust and decoction, Acorus, Lobelia, Dede 
Tane, Sandotox, Nicotox, Nicophytan, Deriphytan, BHC, Nicotine 
sulphate, etc., have been tried against the pest. It has now been 
definitely established that BHC 5 per cent dust applied once a 
month at the rate of five to six pounds per acre or Nicotine sul- 
phate spray 0*05 per cent at 25 gallons per acre gives the maximum 
control. 

Application of the chemical to the panicles alone, has the 
desired effects at minimum expense and trouble. 

11. Stored Products. 

Deterioration of foodgrains in storage is partly brought about 
by a superfluous moisture content of the grains, which favours the 
development of certain bacteria and moulds. The moisture in the 
grains should not exceed 14 per cent and this can be achieved by 
adequate drying of the grains and stacking the bags under diy 
conditions with enough dunnage. 

The next important aspect in the conservation of grains is the 
prevention of damage by insects, which often take a heavy toll 
of the material, produced and stocked at considerable expense and 
trouble. A number of insects are concerned with the problem and 
a short account of them is furnished below ; — 

The rice weevil (Sitophilus oryzae, L). — This is c(»mmonly 
found infesting grains like rice, sorghum, maize, wheat, etc. »It 
IS reddish browm in colour and about J inch in length with a curved 
beak. Eggs are laid in small cavities scooped on the grain sur- 
face and the grubs, on hatching, burrow^ into the grain and emerge 
out only after reaching the adult stage. The total life-cycle is 
about one and a half months. The insects generally appear in 
swarms and the patches of powdery’ material, commonly thrown out 
on the external surface of the bag containing the" grains is a 
diagnostic symptom of damage by this w’eevil. (Plate 142.) 

The only natural enemy attacking this weevil is a Hymenop- 
teouB parasite — Peiromalus oryzae, C. found distributed all over 
South India. 

The Rice borer beetle (Rhizopertha dominica, P.) — This 
attaeks ail grains. The adults are dark brown in colour with a 
hood like protborax. The female lays her eggs on the surface of 
grains. The grubs, on hatching, first feed on the grain debris, 
▲.X.— 74 
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bore into the seeds later and live inside till they pupate and reach 
the adult stage. The characteristic symptom of attack by this 
species is the presence of the circular patches of powdery mate- 
rial on the bags with a pin spot in the middle. (Plate 143.) 

The red grain beetle (Tribolium castaneum, H.). — These 
beetles breed on broken grains, debris and flour and do not as 
a rule attack the entire grains. They are found in Msociation 
with the other two species, probably feeding on their reject. The 
life-cycle takes about a month and a half. It generally imparts 
a particularly unpleasant smell to the material it infests. The 
external indication of damage by this beetle is the continuous 
ejection of floury stuff from the bags. 

Pulse beetles Bruchus .sp). — These are specific pests of 
pulses and grams. The beetle is brown in colour and heart- 
shaped. The infestation commences in the field itself and the 
insects are inadvertantly transported to the godown along with the 
produce, where they continue their damage. (Plate 144.) 

The Rice moth (Corcyra cephalonica, H.). — Grains and flour 
are damaged by the caterpillars of this moth which lays its eggs 
directly on the material or on the bags. The caterpillars web the 
grains together, feed inside, pupating in silken cocoons. The 
Ufe-cycle is completed in about 45 days. The webbing is a chief 
symptom of the infestation and the cocoons usually stick out on the 
seams of the bags. (Plate 145.) 

Two parasites, a small Braconid — Microbracon hebetor, S — 
and a Chalcid — Antrocephalus mahensis, M — usually seen in large 
numbers in store houses and godowns exercise a considerable degree 
of control over the pest. 

The fig moth (Ephestia cautella, W). — This is a peet of 
stored groundnut. The caterpillar is white with a pinkish tinge 
and spins long tubular galleries in the food material. The adult 
is greyish in colour with transverse stripes on the forewings. 
This caterpillar-pest also is kept in check in nature by a very 
efficient parasite — Microbracon hebetor, 8. 

The house rat (Battus rattus rufescens, G). — The habits and 
depredations of this ubiquitous rodent are t^ well-known to 
deserve any special mention here. They are omnivorous and feed 
on an 3 rthing which is consumable braides being the common' 
carrier of the plague flea. 

Control measures . — As these seldom excavate deep burrows, 
fumigation of the infested godovms with Calcium cyanide can be 
done whenever possible. Poison baiting with zinc pbrwpbjfl^ has 
also been equally effective. 

Control of insect pests of stored products . — The conservation of 
foodgrains has not been such a serious problem till recently, at 
any rate in South India, since large stocks of grains uo not usually 
held in storage. Small quantities required for annual ftnuanmptinw 
in individual cases are usually stocked in undeiground pits, wQodMi 
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constructions or insect-proof baskets, etc., which are all fairly 
efficient. Smaller stocks of seed material are looked after with 
particular care by occasional examination and sun-drying whenever 
necessary. Stray cases, where damage was reported, were prompt- 
ly dealt with by simple methods like drying or small-scale fumi- 
gations with carbon-di-sulphite and a subsequent strict adherence 
to the accepted principles of godown sanitation. 

The problem took altogether a different turn from 1943 when 
the Madras Government adopted a general policy of holding large 
stocks of grains, pnx'ured or imported, so as to ensure a regulated 
supply to the public. These stocks have inadvertently served as 
fertile breeding grounds for the myriads of the specific insect pests 
and consequently the storage of foodgrains suddenly became a 
problem of all-India importance. The situation became almost 
critical when about 0,000 tons of Australian wheat were landed at 
Madras during 1943 in a badly infested condition and the stocks v%ere 
deteriorating rapidly. Ways and means bad to be devised imme- 
diately to save the entire consignment from further deterioration. 
After due thought and care, fumigation with Calcium cyanide was 
decided upon. The untiring efforts of the Section in adopting 
the existing godowns to suit the needs, the fumigation of the 
stocks on a scale unprecedented for the whole of India, the subse- 
quent measures taken to perfect the technique and the precautions 
adopted to prevent accidents would all go dowm in the history of 
grain preservation in India. The technique is since being adopted 
as a regular routine measure on a stupendous scale to conserve 
the enormous stoi'ks held by the Civil Supplies Department by 
an elaborate staff of trained (KTsonal. The following is a short 
account of the procedure. 

Entry of infested material from abroad is eliminated by a 
prompt examination of the arrivals at the ports and taking suitable 
measures on the spot. The godowns meant for stocking the food 

g rains are first given a thorough cleaning and disinfestation with 
HC D 024 80 as to avoid any preliminary infestation. Insect- 
free b^^s are then stacked according to the standard specifications, 
giving proper dunnage below and providing enough alley-ways and 
gangways to facilitate proper aeration as well as frequent inspec- 
tion. The stcxjks are kept under periodical scrutiny and if any 
infestation is feared, the external surface of the hags is promptly 
given a dusting of BHO D 024 (D 025 is now permitted to lie used). 
If the situation gets out of control , fumigation with Calcium cyanide 
ia resorted to as the last measure. For this, the building is first 
rendered air tight and the fumigant is pnmped in at three to font 
pounds per 1,000 c.ft., through a number of apertures so as to 
ensore even distribution. The building is left closed for 24 hours 
daring which period the fumigant kills anything living inside. The 
stocks are degassed after this period by keeping the doors and 
windows open until the last trace of the smell of HCN disappeaie. 
Samples of the grains are then drawn and sent to the OovemmeniE 
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Analyst for test, and the stocks are released to the public only on 
his certificate regarding their fitness for consumption, ^mnant 
stocks, if any, are again kept under observation and given an 
external dusting of BHC D 024 to prevent a reinfestation. While 
the above is the general policy, a system of priority of the issues 
is also being adopted. Stocks showing slight infestation are imme- 
diately released to avoid further damage and also to save the 
trouble and expense of fumigation. In some cases, a mere cleaning 
and reconditioning of the grains is also recommended. 

Materials like rice, flour, oilseeds, etc., are not treated with 
either of these chemicals for fear of ruining their quality. Recent 
work has shown that even this difficulty can be got over, since 
harmless fumigants like Killoptera and dusts like Pyrethrum have 
come into vogue. All these methods are regularly in force and it 
is no exaggeration to state that this branch of Entomological 
service (Civil Supplies Department) has been mostly responsible 
for the availability of whole.some foodstuffs in this part of the 
countrv during all these years of stress and scarcity. In the fol- 
lowing* statement the quantities of grain handled by this branch 
during 1945 to 1948 are given ; — 


Place* 

Eaoommen* 
did for 
priority. 

Bsoommeii- 

dedfor 

reoondi- 

lionlsg. 

Fiimlfsted 

Oaleliim 

eyaaide. 

Treated 

with 

BHO. 

Treated 

with 

BHO. and 
priorities 
of^wisMe 


TONS. 

TONS. 

TONS. 

TONS, 

TONS. 

Madras 

Coimbatore 

Tiruohirappalli 

Vijayavada 

46,000 

19,271 

16,602 

19,628 

909 

6,462 

9,492 

6,920 

12,649 

44,596 

336 

2,697 

8,986 

12,962 

17,016 

1,996 

65,105 

Nil. 

Nil. 

Nil. 

Total 

101,301 

21,773 

20,277 

40,910 

66,105 


The above figures do not include the quantities which were 
regularly examined in the godowns and also those which were 
examined at the ports of entry. 

Insect pests o! stored groundnut. — ^An intensive scheme of re- 
search for the study of these pests wae in force during 1943-44 and 
the investigations were conducted at Coimbatore and Cuddalore. 
The more important species concerned are Necrohia rufipes, De G., 
Ephestia cautella, W., and Dermestes cadaverinus, F. with Tfi- 
bolium castaneum, H. and Corcyra cephalonica, H. occurring in 
lesser numbers. Other pests of minor importance are Carpopmas 
dimidiatus, F., Oryzaephilus Surinam rnsis, L., and Loemophloeui 
sp. The major pests were under detailed study and interesting 
information regarding their life-history, habits, nature and extent 
of damage and response to ecological factors was gathered. 

A Braconid — Microbraeon hebetor, Say. often parasitises 
caterpillars of Ephestia and Corcyra almost to the extent of extent 
minating them during certain years. A Chalcid and two spedes 
of Bethylids also were recovered from the infested materiu fcUl 
&eir actual habits could not be investigated. 
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Attempts to study the relative resistance of varieties like 
Coramandel, Khandesh and Pollachi-red did not give conclusive 
results. 

Control . — Kound about Ouddalore, it is a common practice 
to provide a permanent layer of sand with or without coir or 
gunny matting as a dunnage prior to stacking the bags. Kernels 
dropping out of the bags invariably get mixed up with debris and 
sand and provide more or less a permanent source of infestation. 

It was, therefore, considered that this practice should be either 
discouraged or that the sand sliould be periodically removed and 
a fresh layer applied. Provision of hard flooring would afford more 
ideal sanitary conditions. Periodical sun-drying of the kernels, 
though efficient, proved to be costly and at times impracticable. 
Cyanogas and Chlorosol were found to have a high lethal effect 
on the insects affecting the kernels. Laboratory trials w^ere also 
conducted to study the effects of super-heating on the insect fauna. 
Adults of Necrobia sp. required an exposure of 15 minutes at 60** 

to 65° C while the larvae succumbed at 55** C. Adults and 

larvae of Kphestia died at a similar exposure at 45** C. The 

general indications of these studies are that all these pests are 
capable of infesting only decorticated kernels while the entire 
pods are seldom attacked. Iteduction of the period between 

decortication and storage appears to be the most practicable method 
of control. 

The groundnut pod bug (.\phanus sordidus, Fi. — This is 
another jiest which occasionallv take.s a serious role in the godowns. 
Hie adult is an active blackish brown bug more commonly occur- 
ring in its hundreds at the harvest time and sucking the oily 
matter from the produce. 

The Cheroot beetle (Lasioderma serricorne, P). — Reports 
regarding the damage done by these beetles to cured tobacco and 
cigars were received from leading firms in Madras in 1912. 
(Plate 146.) 

The small red beetle lays her elongated white eggs on 
tobacco. They hatch after four days and the tiny wd:iite grubs 
eat their way inside. The larvae are responsible for the hea\^’ 
damage. The full-grown grubs are stout and fleshy with fine 
brown hairs. They pupate within the food material encased in 
silken cocoons. The adults emerge in about a week and continue 
the damage. The life-cycle from egg to adult takes about a 
month. Ginger, turmeric, black pepper, chilli }>ods, etc., are 
some of the other materials affected by this beetle. 

Fumigation with Chlorosol (Killoptera) at the rate of 20 lb. 
per 1,000 o.ft. for 24 hours has been found to give fairly good 
results. The advantage with the fumigant is that it is absolutely 
harmless and does not affect the flavour and quality of the fumi- 
gated material. 

The Scolytid beetle (Cocotr^Ties dactyliperda, F). — A report 
was received from a local factory during 1947 to the effect that 
buttons manufactured out of dum nuts were being ruined by this 
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beetle. Any method suggested had necessarily to fit into the pro- 
cess of manufacture and render the finished product insect-proof 
at least for some time. Fresh buttons were boiled separately with 
DDT, BHC, Sodium arsenite 2 per cent and Mercuric chloride 
O' 5 per cent dried and kept under observation. They were not 
infested up to a period of three months. Dusting the cardboard 
containers with DDT and BHC 2 per cent had an equally good 
repellent effect. 

12. Cattle and Household Pests. 

Among insects belonging to this category, the housefly and 
other flies which are a source of nuisance to cattle as well as to 
human beings received some attention. The cattle at the Central 
Farm, Coimbatore, were subject to considerable annoyance by 
these flies periodical!}-. Investigations were taken up during 
1930-31. On a careful scrutiny, it was found that over a dozen 
species were concerned in the trouble, of which the domestic fly- 
Musca ncbiilo, Fb. formed the most prominent. Most of them 
breed in cattle manure and have a very short life-cycle, the egg 
period lasting from 8 to 24 hours, the larval stages for three days 
and the pupal one extending for about six days. 

The problem was tackled from three different angles, viz., 
(i)' use of repellents, (ii) control of the breeding ground, and 
(iii) trapping of adults. The repellents consisted of Creosol, 
necm oil, etc., but they proved to be of very little use, their acfion, 
at best, lasting only for a short time. Attempts at control at the 
breeding ground with insecticides were equally futile and the use 
of the maggot trap designed by the Section was more of academic 
interest tlian of any practical and immediate benefit. Another 
method, which was subsequently found to give appreciable relief 
was the covering of the manure with layers of tank silt at definite 
intervals. Acce.s8 of the flies to the manure was thus minimised, 
the additional advantages being that the quality, as well as the 
quantity of the manure were improved. Formalin with rhlk, fly 
papers, and the ‘ Minnesota ’ fly trap were all given a fair trial 
to trap the adults. Of these, the last mentioned contrivance, 
with rotten fish or meat as bait, attracted quite a large number 
of the flies. The results even in this case were not entirely satis- 
factory, since the catches represented but a poor percentage of the 
flies which were still at large. 

Another instance of a major nuisance by cattle flies was from 
Sidhout in Cuddapah district during 1942. The species con- 
cerned was mostly Stomoarys calcitrant, L. These flies were 
settling on cattle in their hordes and apart from sucking their 
blood rendered them vicious and unruly by the tickling sensation 
caused. Investigations revealed that the flies were breeding in 
their millions in the groundnut cake which was being liberally 
applied to the melon crop for which the locality is famous. Th* 
only line of relief, which could be planned, was ‘to discourage the 
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nse of this manure. Tlie ryots were at first not forthcoming to 
co-operate with the department and a special Pest Act prohibitingr 
the application of this cake w^as, therefore, enforced during 1043. 
As a result of the rigorous enforcement of the provisions of the 
Act, the problem is not so serious during recent years. 

Subsequent work has revealed the enormous possibilities of con- 
trolling the adults by the use of BHC and DDT. Sprays of the 
chemicals, even at a low concentration of 0*05 per cent applied on 
their resting places, caused a wholesale decimation of the popula- 
tion and the residual effects were found to last from seven to ten 
days. The action of these chemicals against the maggots is still 
under investigation. 


Biologic.vl Method op Control. 

This line is one of the latest developments in the held of 
liconomic Entomology and this novel method consists of control- 
ling pests with the help of their own natural enemies. Its success 
w, however, subject to certain hinitations such as availability of 
efficient parasites, their adaptability for laboratory rearing, their 
ability to tlirive under held conditions, etc. The method is 
generally tried m cases w^here the pests concerned are either too 
widespread or too inaccessible for other methods of control. The 
Entomology Section has been interesting itself in this line for the 
past two decades and remarkable results have been achieved in a 
lew cases. A short resume of the same is given below : — 

(1) The fluted scale (Icerya purchasi, Mask). — This is a scale 
msect, which has earned great notoriety as a polyphagous pest 
on a variety of fruit trees in the Western co'intries. The bug is 
characterized by a prominent white egg-sac with a number of 
corrugations on the outer surface. Each egg-sac may contain 
hundreds of the bnck-red eggs which hatch out into Tiny red- 
coloured nymphs wutli prominently long dark legs. Thes* crawl 
about in searcli of succulent {lortions of the plant and establish 
themselves there. They moult thrice in the course o( their dev- 
elopment and change their feeding spots after every moult, attaching 
themselves permanently after the last moult. The nymphal stage 
extends from to 4J months according to the weather factors. 
(Plate 147.) 

The pest had somehow^ got an entry into this State and was 
found to have spread to an alarming degree on a variety of wild 
vegetation on the Nilgiris by about 1938. The scale had a formid- 
able list of over 100 host plants but fortunately the only crop of 
economic importance which had suffered most was the wattle — 
Acacia decurrens* As the potentialities of this scale were 
immense^ immediate steps were taken to bring it under control. 
The only recognised method is to seek the help of its specific 
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exotic predatory beetle — Rodolia cardinalis Muls. The beetle and 
its grubs feed exclusively and voraciously on the adults and nymphs 
of Icerya and are capable of practically exterminating the pest. 
Entomologists abroad were immediately contacted for a supply of 
the beetles and pending their arrival, tentative measures like 
cutting and burning of the vast areas of wild vegetation infested by 
the scale were carried on. The consignment of the beetles was 
at last received from California in May 1929. The beetles were 
immediately taken to the Nilgiris and accelerated breeding and 
liberation were commenced forthwith in a special laboratory opened 
there. Another consignment was received later from Egypt in 
1930. The work progressed quite satisfactorily and the incidence 
of the scale was practically reduced to negligible limits by 1931. 
A severe outbreak on Acacias was again reported, this time from 
Eodaikanal in 1942 and an assistant was immediately deputed to 
the locality to take up the breeding and liberation of the predator 
beetle. It subsequently transpired that the scale had broken out 
again in a virulent form on the Nilgiris as well. Intensive work 
was taken up in May 1943, under a special unit of staff with a 
gazetted oflacer stationed at Femhill on the Nilgiris. The work 
at Eodaikanal was also in his charge. The work was continued 
under the aegis of the Madras Government till November 1945. 
As the problem was later considered to be one of all-India 
importance, the activity was later merged in a special scheme under 
the joint auspices of the Madras Government and the Government 
of India, which continues to function as such. As a result of the 
concentrated liberation of the beetles, the infestation by the scale 
has been brought down to the minimum and the releases are being 
continued more to prevent the recrudescence of the pest, especially 
in view of the fact that the Forest department have now taken 
up the extensive cultivation of .1. decurrens for its valuable tannin 
contents. Attempts to introduce an exotic fly parasite — Crypto- 
cfitctum icerycE Will, were not successful. 

The indigenous natural enemies observed on the hills 
comprise of the lady bird beetles, Rodolia roseipennis Muls. and 
Scymnus sp., the caterpillar Stathmopoda melanochra M., a 
species of mite and a fungus disease Cladosporium. 

Apart from the large-scale multiplication and release of the 
beetles, attempts to improve the technique of rearing are also in 
progress. The localities are being regularly surveyed for the 
spread of the scale and prompt measures taken. An eye is always 
kept on the activities of indigenous natural enemies and alter- 
native host plants, etc. 

(2) The black-headed caterpillar fNephantis 8erinopa).-~Vid* 
pests of coconut. 

(3) Early borer of sugarcane (Argyria sticticraepi8)..~Vid« 
pests of sugarcane. 
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(4) The apple wooly aphis (EriOBOiua lanigera, H). — This 
is a serious post of apples. (Plate 148.) Colouies of these aphids 
with their characteristic snow-white woolly covering get estab- 
lished on the branches as well as in the roots of the apple tree 
and cannot be satisfactorily controlled by the contact insecticides 
ir. vogue. The recognised method of control is by a systematic 
colonization of its specific parasite Aphclinus mail Hal. Consign- 
ments of these para.site.s were obtained from the Punjab by about 
1940 and liberated in the Pomological station. Coonoor. The work 
was intensified from 1944 onwards and appreciable control has 
been effected. The introduction of the resistant varieties in 
apples also has been <juite successful. 

(5) The cotton hollwom (Platyedra gossypiella, 8). — ^The 
egg parasite Trichograntma was tried against these worms also. 
Weekly releases at 10, (KX) per acre, commencing from the flower- 
ing season, were continued till the ripening of the bolls. Fort- 
nightly counts of the incidence showed a progressive decline in 
the infestation. The yield did not increase apprec-ably, but the 
quality of the lint was better in the treated plots. 

Attempts were also made to control the castor semi-looper 
(Achaa janala L.), the paddy stem-borer (Schvenobius incer- 
tellus W) and the brinjal Epilachna with their respective parasites, 
but the results have not been very convincing. 


Weed control — The prickly pear (Opuntia dillenii). — Everyone 
in South India is familiar with the common hedge plant, the 
prickly pear. This bush, though it is a cheap and effective fence, 
had subsequently spread almost all over the waste lands round 
about villages and towns and rendered them unfit for any useful 
purpose, apart from harbouring poisonous reptiles and sometimes 
even wild animals like pigs. Mechanical and chemical methods of 
destruction are practically useless against this obnoxious weed. 

A small coccid. the Cochineal insect (Dactylopius tomen- 
tosas L) is a specific pest on this prickly pear and is capable of 
practically exterminating it within a short time. (Plate 149.) 
This bug is a minute insect, purple in colour with a white waxy 
covering. The bugs and their young suck up the nutrition and the 
enrire dump dries up on this account within a very short period. 
The scale was first introduced in Tirunelveli district during 1926 
and in a shturt period exterminated the thorny cactus in the sur- 
Toonding areas. The news about the beneficial activities of this 
cochineal very soon spread all over the country and the depart- 
ment rendered valuable service in despatching consignments of 
this insect to different parts of the country with the result that 
this troublesome cactus which has been such a nuisance so far 
hM now become practically extinct. 

A4i.-- 76 
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Indigenous Insbctioidbs. 

The outbreak of the last war and consequent non-availability 
of insecticides from abroad naturally taxed the ingenuity of the 
Entomologist to try and see whether any of the indigenous 
material, especially plants belonging to the poisonous group, could 
be utilized in place of the imported chemicals. This category 
indeed afforded a valuable field of research and in the course of 
the experiments with scores of plants reputed to have toxic pro- 
perties, the potentialities of a few came to light, some of them bein|[ 
recorded for the first time. Of these, the discovery of the insecti- 
cidal value of Thevetia neriifolia, J., ranks first. 

Thevetia neriifolia, J. — (Plate 150). This plant is a native of 
South America and West Indies and has been introduced into 
India some years ago. Aqueous extracts prepared by soaking the 
mashed kernels in water for twenty-four hours were found to be 
highly toxic to most soft bodied insect forms. A strength of J ox. 
of these kernels in one gallon of water with an equal quantity of 
soap is very effective against soft bodied insects like Aphids, Tin- 
gids, Psyllids, Thrips and leaf hoppers. Higher concenirations at 
half an ounce per gallon of water were required for leaf eating 
caterpillars like Prodeuia litura, Acheea janata, PapiUo demoleus, 
Spodoptera mauritia, Laphygma emigua, Eupterote molUfera, 
eto. 


Another insecticidal plant to receive attention was A corns 
calamus (Araceop). (Plate 151). This is an indigenous semi- 
aquatic perennial plant common in the Western Ghats, Nilgiris, 
etc. The insecticidal properties of the rhizomes were first tried 
in the Section during 1938. The dust is highly useful for pre- 
serving seed-material free from insect damage. Two pounds of 
the dust mixed with 100 lb. of seeds gives adequate immunity for 
a year against the specific pests. The infusion prepared by soak- 
ing the powder at | to ^ oz. per gallon of water, with an equal 
quantity of soap effectively controls aphids and leaf-eating cater- 
pillars. 

Yet another plant found to have insecticidal properties ii 
Lobelia eacelsa (Gompanulace(r). (Plate 162). It grows wild 
on the Western Ghats, Nilgiris, Pulneys, Travancore, etc., at an 
elevation of about 6,000 feet. The leaves are first cured in diade 
and then chopped. Half a pound of the leaves are then soaked 
in a small quantity of water for about 12 hours. The Infusion is 
filtered and the filtrate made op to one gallon and | oz. of soi^ 
is added to the fluid. The spray was fiound effective againft 
aphids on snakegourd and cowpea, tingids on brinjal and mi^ OB 
castor and bhendi. 

The lethal properties of other well known insecticidal planli 
like Pyrethmm, Derris, Tobacco, Tephrosia togeVi, olc., wm 
also fully tested. The contact action of the indigenons iBgotabb 




l.'tL— 


IO;M 





MBMOIBS OF THB DEPABTMBNT OF AGBICULTUBB, MADBAS 1023 


oils like those of gingelly, coconut, castor and groundnut was 
another aspect of study. Emulsions of these oils at the rate of 
} to one ounce in a gallon of water with a little soap were effective 
in controlling a variety of insects, ranging from aphids to big 
sized caterpiUars like Eupterote rnollifera. 


Systematic s. 

The importance of this fundamental aspect in the study of 
insects was realized from the very inception of the Section and 
the building up of a comprehensive reference collection was con- 
templated even as early as 1910. Extensive field collections of 
insects were made from different parts of South India, studied, 
identified wherever possible and incorporated in the laboratory 
collections. Specimens of doubtful identity were sent to Specia- 
lists abroad or to the British Museum for determination. -With 
the steady accumulation of knowledge, specialised work on various 
groups was later possible m the Coimbatore Institute itself. 

Substantial work has been done on Bracontd^- Thysanoptera, 
Coceidae, Cureulionidac , Cecidomyidae, Acarina, etc., and litera- 
ture on numerous species new to science have been contributed by 
the section olT and on. The invaluable reference collection of 
identified insects, which the Department can well boast of at the 
present day, is the result of concentrated work done during the 
past four decades. Even though the «>nset of the World War 11 
brought about a slackening in this as{iect due to pressure of 
economic work, interest in the line is }>eing revived. 

Recently (1945) the Indian Council of Agricultural Research 
under their “ Scheme for establishment of various schools of 
research ” in different parts of India, .sanctioned the appointment 
of two Research Fellows for the Madras State to work on Bra- 
ocmkUB and Thysanoptera for a period of two years each. The 
object of the scheme is to prepare comprehensive reviews of litera- 
ture and help the State Entomologist in the special study of these 
groups. The work on Braconidss was started in 1947 and com- 
pleted in 1949. The scheme on Thysanoptera is under progress. 


Eel Wokms. 

Among animals other than insects capable of causing loss to cul- 
tivated crops, the group of Nematodes is of no mean importance. 
These worms attack the rootlets causing the characteristic nodiides 
in which they breed. The infested plants entirely fade away. 
The most widely distributed form is the rootgall eel worm — Hete 
rodwa marioni, G. It has a formidable array of over 50 host 
plants, wild and cultivated. Of these, pepper, betelvine, brinjal, 
tomato, ti^moco, tea, pulses of different kinds-, turmeric, cucurbits. 
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groundnuts, cruoi£eroas plants, chillies, green manure crops* 
cinchona, etc., come under the category of crops (rf cooDomio 
importance. 

Control . — The control is difficult since these worms remain in 
the soil even after harvest and are capable of reinfesting the next 
crop. Attempts to sterilize the soil with chemicals like Carbolic 
acid, kerosene. Cyanide compounds. Formalin, etc., indicated that 
the treatments altord a certain amount of relief. But the appli- 
cation of these can at no time lie within the economic limits of 
the South Indian ryot. Commonsense methods like proper crop 
rotation, disposal of crop residues, keeping the land fallow for a 
few seasons may be followed with advantage. Breeding Nematode- 
resistant strains as well as the biological control with another 
Bjjecies of Nematode are reported to have been tried elsewhere as 
possible control measures. 


Pest Control Methods. 

One of the main activities of the section since its mention has 
been the study of the bionomics of insect pests and devising ways 
and means of controlling them. To start with, only mechanical 
methods, broadly based on the life history, habits and vulnerable 
stages, if any, of the insects concerned, were devised and popula- 
rized. The next phase was to adopt some of the stomach and 
contact insecticides which were coming into vogue in other coun- 
tries. Along with these lines of research, the utility of the natural 
enemies of crop pests for biological control was also investigated 
and their help pressed into service wherever possible. Some work 
has also been done on indigenous vegetable poisons with a view 
to use these as substitutes for the imported chemicals. L^s- 
lative measures for the enforcement of some special control mea- 
sures and for preventing the entry of injurious insects from 
foreign countries or the inadvertant spread of some of the pests 
within the country itself, etc., were introduced later wherever 
necessary. Plant protection by chemical methods received a 
further fillip on account of the recent availability of the two new 
chemicals DDT and BHC. These insecticides are so efficient that 
they have almost superseded all the other methods till now in 
vogue. A short account of the work done is furnished below. 

The methods evolved can be broadly discussed as Preventive 
or Prophylactic and Curative or Direct. 

Preventive measures . — These consist mostly of strict adhm^ 
ence to the general principles of plant sanitation, clean and good 
cultivation, adequate' manuring, proper irrigation, etc. It is a 
matter of common knowledge that some serious pests like ^ 
Rice mealy bug, Ripersia oryzes Or., the fruit moths, Opkiivra 
pps. etc., breed on weeds and oth«r rank vegetation and ii^sst 
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crops later. Elimination of such breeding groundb would, there- 
fore, minimize the chances of infestation by such insects. Timely 
removal and destruction of crop residues as in the case of sugar- 
cane, Sorghum, cotton, etc., is another simple method of prevent- 
ing the undue multiplication of their specific insect pests. 
Besides these, good cultivation ensures a luxuriant growth of the 
crops which in its turn confers the necessary degree of vigour to 
withstand the ravages of insects. Breeding of pest-resistant 
strains, if successful, would by far he the most efficient and cheap 
method of plant protection. Tiie evolution of the jassid-resistant 
strains of cotton and disease-resistant varieties of sugarcane repre- 
sents some of the outstanding examples. 

Direct methods , — These measures constitute a major line of 
attack, involving the use of mechanical devices, application of 
chemicals, utilizing other insect agencies like parasites and pre- 
dators, etc., according to the circumstances. 

(1) M echanical . — Tlie iiirtiiod adopted till recently against 
serious incidences of insects lik*^ the Tii(*e grass hopper, the 
Eice bug, the Kicc ja.sHul. etc., was a systematic sweeping w»th 
hand-nets or bag nets. Minute organisms like Tlirips and active 
insects like the betel-vine bug were controlled with the help of 
contrivances smeared with some sticky mattuial. The strong 
attraction of certain insect forms to liglit was also taken advantage 
of in a few cases and setting up of light trap*^ wa> one of the com- 
mon remedies recommended against the l^cc stem borer, (Sc/ice- 
fiobius incertellus , W), the Itice jas^d (Sipkoictthr bipunclalu^ 
P'g), tlie Kodu fly {Pachydiplosis otyzae, \V), the griiiindnut surnl 
puchi (StomopieryT nertena, A/), etc. Digging out the burrows 
and catehing field rats still forms one of the most effective and 
fool-proof methods of destroying these troublesome rodents. Some 
outstanding examples where such mechanical methods have been 
intelligently adapted for tackling insect pests in vulnerable stages 
of their life • history are the timely liand-pickiiig of the adults of 
Ameacta albisiriga, W., clipping of the wilted twigs against the 
orange borers, etc. 

f2) Chemical methods , — Pest control with the help of 
insecticides is perhaps the most jiopular practice adopted all over 
the world. A certain amount of basic knowledge of the habits 
of the insects is, however, necessary for the judicious application 
of these chemicals. Leaf eating forms having biting mouth parts 
like caterpillars, grass-hoppers, beetles, grubs, etc., can be des- 
troyed only with stomach poisons. These are generally arsenical 
compounds and arc applied on the jilants either in the form of a 
spray or dust at the prescribed dosages. The insects concerned 
while eating the leaves take in tlie poison also and die eventually* 
Among the stomach poisons fonnerly m vogue, were Paris green, 
Lead ohsomate, London purple, Zinc arsenate, etc., but these 
have leoentty been supplanted by arsenates of Lead and Calcium. 

Aai*~76 
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Insects like plant bugs, aphids, scale insects, etc., have the pecn* 
liar habit of piercing the plant tissue and sucking the sap and 
these require quite a different mode of treatment. Soaps, Oil 
emulsions, lime and sulphur washes, etc., are used m such cases 
and the mortality is caused by the spray fluids blocking the spiracles 
or breathing pores and causing asphyxiation. Tobacco also has 
been a specific in such cases but the lethal effects are brought 
about by tlie paralysis of the nervous system. A later develop- 
ment in the line was the adaptation of vegetable poisons like 
Pyrethrum, Derris, etc., which also cause mortality by paraly- 
sing the nervous system and have the added advantage of being 
nou-toxic to man and higher animals. Xnvestigatums at Coim- 
batore have also indicated the high potentialities of other veget- 
able diugs like Thevetia neriifdia. Acorns calamus, Lobelia 
excelsa as well as emulsions of indigenous oils like those of 
gingelly, groundnut, coconut, etc. The problem of plant pro- 
tection has more recently been completely revolutionized by the 
advent of the two w'onder msecticides DDT and BHC. These 
chemicals have proved themselves almost a panacea against most 
of the external feeders with certain limitations and are rapidly, 
becoming popular, both on account of their high potency, ready 
availability as well as extreme cheapness. 

(b) Fumigants . — These chemicals are generally used inside 
airtight receptacles or specially improvised chambers against 
household pests and more often against those infesting stored pro- 
ducts. They are either volatile or have the property of evolving 
poisonous fumes wiien brought in contact with the moisture of 
the air. The surcharged poisonous atmosphere causes an entire 
annihilation of all lower forms of life inside the fumigation 
chambers. Carbon-di-sulphide and Calcium cyanide are the 
fumigants in ordinary use, ljut their application is fraught with 
danger to human life, not to speak of the fire hazards and as such 
they can be handled only under expert supervision. Naphtha- 
lene, Sulphur, Ethyl acetate, Carbon tetrachloride, etc., are some 
of the other fumigants recommended. Cholorosol or Eilloptera 
(a mixture of Ethylene dichloride and Carbon tetrachloride) is of 
late gaining rapid popolanty on account of its non-inflamable 
nature and better penetrating qualities. Smoke pellets of BHC 
and DDT are also coming into the market recently. The smoke 
from these pellets, when they are burnt inside enclosed spaces, 
has a high disinfecting effect. 

(c) Rodenticides . — One of the most serious non-insect pests 
the ryot has to contend with, both in the field as well as in iXie 
godown, is the ubiquitous rat. A number of chemicals rspnted 
to have lethal effects like Barium carbonate, Plastor of puis^ 
Strychnine, * Antu *, Zinc phosphide, etc., were mven a fs^ 
trial. Of these, only the last-mentioned chemical, wben espoaed 
mixed with a suitable vehicle, gave considerable relief. 
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(d) Repellents . — These chemicals when applied on plants 
have the inherent property of rendering them unpalatable to their 
insect foes. Bordeaux mixture, dry slaked lime, calcium car- 
bide residue, tobacco dust, etc., are some of the common sub- 
stances having this reaction. 

Precautions to be taken in the use of insecticides . — The infor- 
mation on insecticides will not be complete without a word of 
caution on their use before advocating them to the lay man. As 
a general principle, it should be remembered that anything which 
is capable of killing insects and other lower organisms is also 
likely to injure higher animals as well, when taken in larger 
doses and neither DDT nor BHC and, as a matter of fact, none 
of the arsenical preparations are exceptions to this rule. These 
insecticides should, therefore, be applied with a certain amount 
of care, especially on vegetables which are likely to be harvested 
and consumed immediately. It would be safer to stop treatiiig 
such crops at least two to three weeks before har\'est and even 
then the harvested material should be thoroughly washed before 
use. BHC and DDT have probably to be handled with greater 
care as they have come into the field only recently and as there 
are still some highly controversial issues regarding their toxicity 
to man and other higher animals. The scientific as well as 
public interest in this aspect has probably been whetted by the 
very high insecticidal potentialities of these chemicals and their 
consequent unprecedented popularity at present. A gist of the 
precautions as advocated by the firms dealing in these insecti- 
cides is furnished for information to interested parties. 

(1) Vegetables treated with BHC products may have a 
slightly bitter taste. This, however, disappears after a few days 
and can be avoided if the chemical is not applied within two to 
three weeks before har\-esting. 

(2) In tlie case of iiotatoes and cucumbers BHC D 025 
should not be dusted at a dosage higher than 40 Ib. per acre. 
Results of BHC treatment on root crops have been variable and 
BHC has been found to taint carrots, beetroots and onions under 
certain conditions. 

<3) Plants of the cucurbitaceous family are sensitive to 
DDT and BHC when they are applied especially in the form 
of oil emulsions and with the present knowledge on hand, it is 
better not to use these chemicals on these plants. 

(41 Oil. emulsions of both BHC and DDT should not be 
allowed to be in contact with the skin for long periods, as they 
are likely to be absorbed. 

(5) Oils generally used for emulsifying these chemicals are 
often inflammable and due precautions are, therefore, necessaiy. 

(6) The residual action has been found to be more in the 
case of DDT and it is advisable not to use fruits and v^etables 
treated with this chemical, without peeling the outer e^. 
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(7) Both DDT and BHC have a fatal effect on honey 
bees if they visit plants treated with them. This fact has to be 
borne in mind while dealing with areas situated near large 
apiaries. 

A few broad conclusions derived from the experiments con- 
ducted with these chemicals at Coimbatore, may not be out ot 
place here. 

Both BHC and DDT have definitely shown a certain 
amount of selective action against different categories of insects 
and as such, they should not be used indiscriminately. 

BHC, either as dust or spray, causes a high percentage of 
mortality against a wide range of insects from big sized grass- 
hoppers to minute forms like thrips, Aphids, etc., but the con- 
centration has to be varied according to the insects concerned. 
Its knock-down effects are quicker but the residual effects shorter. 
It appears to exert but a feeble action against jassids. DDT, on 
the other hand, is almost a specific against jassids and has also 
a longer residual action. It has not been convincing so far 
against other forms of insects and is practically inert against 
mites. Despite the selective action, there are also a few instances 
where both the chemicals are equally efficient. 

(e) Appliances . — Insecticides are used either in the form of 
a fine spray or as a thin cloud of dust. The fluid forms are applied 
with sprayers and the dusts with dusters. A variety of patterns of 
these appliances are available in the market ranging from hand 
syringes and dusters for small-scale use to power-driven machines 
for treating bigger areas. It may also be of some interest to men- 
tion here that aeroplanes and helicopters are in regular use for 
dusting more extensive areas in the Western countries. 

if) Biological control . — This method consists of the utiliza- 
tion of the specific natural enemies of certain pests and is generally 
practised in cases where the latter are either too wide-spread or 
inaccessible to other methods of control. Instances of outstanding 
success achieved m this line are the control of Icerya purehan 
Mask, by the lady bird beetle — Rodolia cardinalis, Muls., of 
Nephantis serinopa M. by its hyraenopterous parasites, and of iSie 
obnoxious prickly pear by the Coccid — Dactylopius tomentosus, L. 

(g) Legislative methods . — ^The provisions of law enacted by 
the legislatures are sometimes resorted to to enfcu^ certiuu con- 
trol measures for the prevention of the spread and multiplication 
of indigenous pests and also the entry of foreign ones. These 
measures are dealt with in more detail elsewhere. 

Details of all these methods have been elaborated in the body 
of the memoir in appropriate places under the respec^Te perts> 
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The Pests and Diseases Act. 

Legislative measures for pest control are usually resorted to 
under emergent situations when serious damage by insect pests is 
imminent. Such situations arise when pests break out in a virulent 
form over wide areas and where there is a lack of co-operative 
effort on the part of the ryots to adopt the control measures 
suggested by the Department. Another instance is the possibility 
of the inadvertant entry of some of the highly injurious foreign 
insects along with the indiscriminate importation of seed and plant 
material from other countries. Thirdly there have also been one 
or two occasions where it was found necessary to localise some of 
the insect outbreaks where they had already occurred and check 
their spread to otlier parts of the country. Experience lias showm 
that attempts to popularise such measures by persuasion and 
advice do not always have the desired effects. The acid of legisla- 
tion is invoked only in such extreme and emergent cases. Madras 
is, perhaps, the first State in India where the control of insect 
pests was sought to be effected with the aid of legislative 
measures. The Mtulras Agricultural Pests and Diseases Act, 1919, 
received the assent of the Government to include any pest, plant 
disease or noxious weed in a notified area as dangerous to liealth 
or injurious to crops, etc., and to take such measures as are deemed 
neces-sary for tljeir effective control. 

A short resume of the various insect pests against which the Act 
has been enforced in the Btaie is gi\en below’ : — 

Boll-tcorms and the stem weevil on Cambodia cotton (Platye- 
dra gossypiella S., Fans fabia, E., insulana and Pempherulus 
aflSnis, F). — Cambodia cotton was introduced in this State about 
four decades ago and is now grown extensively as a garden as well as 
a dry crop. The hardy nature of this varietv. its higher yielding 
capacity and the attractive prices offered for its longer stapled lint 
along with the readiness with which the crop has adapted itself 
to South Indian conditions w’ere all factors favourable for its imme- 
diate adoption. This exotic varietv became popular very soon and 
its cultivation has now' fitted itself into the regular agricultural 
practices in the districts of Coimbatore, Salem, Tiruchirappalli, 
Bamanathapuram, etc. The extensive cultivation of this crop had 
brought, in its wake, the heavy incidence of some of its serious 
insect enemies like the boll-worms, the stem weevil, etc., and 
alarming reports about the steady deterioration of the produce 
were received by 1918. The situation was so bad that it was 
feared the very prospects of this remunerative crop were at stake 
unless some drastic measures were immediately taken. A detailed 
study of the bionomics of these pests w^as instituted forthwith. 
It was found that they were wudelv distributed in a fairly serious 
form and one of the factors contributing to the unrestricted multi- 
plication of the pests was the pernicious practice of keeping the 
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crop in the field for two or even three years in the dry land areas, 
the ryots being satisfied with what little they got from the 
struggling crop. Ordinary methods of pest control were not 
feasible because of the wide distribution of the pests as well as 
their internal feeding habits. The only advice that could be given 
under the circumstances was a complete eradication of the OK^ 
for a particular period so as to starve out the pests. The harvest 
of the kapas is generally completed by July-August and the next 
crop is sown by the first week of September. The most convenient 
period for effecting this ‘‘ off season ”, therefore, reduced itself 
to the one between final picking of the standing crop and the 
sowing of the succeeding one. It was accordingly decided that a 
close period from the Ist August to the Ist September would meet 
the needs and that it could be easily made to suit the agricultural 
practices of the respective tracts. As a large scale action especially 
over such extensive areas bj' mere persuasion could at no time 
be thought to be feasible, the Pest Act stipulating the complete 
removal of the crop by the 1st August and the sowing of the 
succeeding one only by 1st September was enforced for the first 
time during July 1919 in Coimbatore district. The Act was 
extended to Salem, Tiruchirappalli and Madurai districts during 
the next year. Its administration was in the bands of the Agri- 
cultural department with the active co-operation of the Revenue 
authorities as well. The notification relating to the enforcement of 
the legislative measures was first given wide publicity. The 
departmental officers visited the areas and explained to the ryots the 
advantage of the method suggested. Failure to pull out the plants 
by the stipulated date was declared an offence. The Revenue 
authorities were empowered to enforce the stipulations. 

It was later found that the period of the sowing was not uniform 
ell over these cotton growing areas mostly due to the vagaries 
of the monsoon and as such the later sown crops were invariably 
found in bolls and flowers at the time when they should be pulled 
out according to the conditions of the Act. As this entailed con- 
siderable loss to the ryots the date was postponed by a month with 
the result that the last date of the complete eradication had almost 
synchronized with the sowing of the next crop. The modi- 
fied system continues as such in most of the notified areas of 
Coimbatore, Salem, Tiruchirappalli and Madurai districts. A few 
further modifications had also to be made in particular tracts in 
accordance with the peculiar local agricultural practices. For 
example, the monsoon is irregular and spread over a longer period 
in some of the villages of the Anamalai area and sowing season 
also has to be extended correspondingly. Under these circum- 
stances the development of the later-sown crops is delayed. 
Further, the second flush (kar pickings) generally gives a good yield 
on account of the fertile nature of the soil and ryots are loatb to 
lose this income. In such cases the last date for the removal of the 
crop has been fixed as 30th September and tiie OoUeotor of ilw 
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district has been empowered to sanction a further extension of three 
weeks in genuine cases. A few other villages of the Coimbatore 
district exposed to the Palghat gap (e.g., Ettimadai, Pichanur, 
Tirumalaiyampalayam, Vallukuparai, etc.), receive heavy showers 
during July-August and as such the crops are sown earlier. The 
harvest is completed by June-July and the last date for uprooting 
has been fixed as 15lh June for these areas with the date of sowing 
for the next crop as Ist August. An exception to the provisions of 
the Act has, however, been made for the “ Masi pattam ” of this 
variety which is in vogue in liamnad district. The crop is sown 
by February -March and comes to the y ielding stage by September. 
As the destruction of the crop at this stage would practically deprive 
the ryot of any yield the.se areas were exempted from the Act. 
More recently, this system of cultivation has spread to Madurai 
district (Thirumangalam taluk) and a similar exemption has been 
given to this tract also. 

Results . — The Act has been in force for over 30 years but 
accurate statistics regarding the benefit or otherwise accrued by 
the legislative mea.sures are not available. Mention has also to 
be made of a few inherent defects which nullify the effects of this 
Iegi8lati\u measure. The insects attacking Cambodia also breed 
on the indigenous cottons, as well as on a variety of alternative 
host plants, wild and cultnated. These are not included within 
the purview of the .Vet and a complete destruction of all these 
bree^ng material would well nigh be impracticable. Despite 
these facts, the general impression of the othcers enforcing tne 
Act, as well as that of the enlightened ryots, appears to be that 
the measure has done 'some gocnl, since tpiality of tlie lint from these 
areas has, on the W'hole, been maintained at a better lei el. Apart 
from this, the imposition of the. Act has also had a saliitory effect 
in wiping out the undesirable practice of keeping the crop on tne 
ground for indefinite periods in the dry lands. 

In localities where good and intensive agricultural practices are 
in vogue, the cotton crop is invariably pulled out after the first 
picking by March, so as to make room for a food crop for which 
greater importance is attached, especially in these days of food 
scarcity. This development has automatically solved the pest 
problem and has also rendered the working of the Act even easier. 

The Black headed caterpillar on coconut tNepbantis serinopa M). 
— A serious outbreak of this pest was reported from Mangalore 
during 1921 and on investigation it was found that the incidence 
was restricted to an area of about 5 miles round about Mangalore. 
The only measure that could be suggested to meet the emergent 
situation was a systematic cutting and burning of the infested 
fronds. This drastic method did not find any favour with the 
ryots. The aid of the Pest Act had, therefore, to be sought and 
enfon^ by the 1st January 1923 over the infested areas. The 
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process of cutting was later modiiied to a mere shaving off of 
cue leaflets with a biil-flook specially aesigned lor tfle purpose. The 
pest had, m the meanwhile, spread to other parts of tiouth Kanara 
and later to practically all over the West Coast. The Act was, 
therefore, extended to all these areas by about 1927 and was in 
force till about 1931. Outbreaks were also reported in isolated 
localities ot imshna and Guntur districts. The legislative measure 
was introduced in these areas also and continued till the pest 
subsided to controllable limits. The administration of the Act was 
in the hands of the Kevenue Department with the technical 
guidance of the Agricultural department. 

The imposition of the Act was dispensed with by 1931 after the 
biological method of control was fairly estabhshed. 

The red hairy caterpillar on dry crops (Amsacta albistriga M). — 
The only feasible remedy against this serious pest of dry crops is 
the hand picking of the moths, egg masses as well as the cater* 
pillars. Isolated attempts of control did not give any appreciable 
relief, as the caterpillars have pronounced roving habits. The aid 
of the Pest Act was, therefore, sought to make it obligatory on 
the part of the ryots concerned to hand pick and destroy the Tarious 
stages of the pest in their respective fields. This legislative 
measure was first introduced by about 1930 in some of the badly 
infested areas of South Arcot and was later extended to parts of 
North Arcot, Tanjore, Madurai as well as Northern Circars. The 
Act is still in force and is vigorously applied wherever necessary 
under the auspic* of the Agricultural Department. 

The cottony cushion scale on H ut/lfs (Icerya puruhasi Mask). 
— As already mentioned elsewhere, the scale broke out in all its viru- 
lence on the Nilgins by 19*28 and was particularly severe on broom 
(Cytisus scoparius) and St. .John’s wart (Hypericum mysorenm) 
over a limited area of about 130 acres at Fairlawns. These plants 
consist of only wild vegetation growing on waste lands serving 
practically no useful purpose. The infestation was so bad that it 
was feared the locality may serve as a fertile breeding ground for 
this obnoxious scale imless some drastic measures were immediately 
taken. An immediate destruction of all these shrubs was deemed 
urgent and the proposal executed by January-March 1929 with 
the aid of the Pest Act by the departmental officers. The nuwe 
breeding and colonization of the predator beetle Rodolia cardin(tU$ 
had borne fruit by the end of 1929 and there was no man neoes* 
sity to resort to the coersive method. 

Similar legislative measures were contemplated for the later 
outbreak of the scale at Kodaikanals, but were not eMoroed uiMM 
the predator beetles were available for release immediatdy. 
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The cattle fly (Stomoxys calcitrans. L.). — These flies »re essen- 
tially pests of cattle. They generally rest round the eyes as well as 
on the body of the animals and apart from sucking their blood, cause 
considerable annoyance by the tickling sensation. They assumed 
a serious role in the Sidhout area by 1943. On investigation, they 
were found to breed in their millions in the groundnut cake applied 
as manure to the melon crop for which the locality is famous. 
The only remedy that could be suggested was the prohibition of 
the application of the cake manure and recommend some other 
organic or chemical substitutes. As a spontaneous response was 
not forthcoming from the melon growers, who are, as a class, 
poor people owning no cattle, the Test Act prohibiting the applica- 
tion of the cake as manure was enforced during 1943 and is still m 
force. The enforcement of the Act is in the hands of the Agricul- 
tural Department. 


The coffee aiem borer (X\lotreclius tjuadripes Ch .) — The 
damage by these borers was severe in the lower Palnis, Sirumalais 
and Bodi hills. The control measures lie only in the prompt 
cutting and destruction of the infested plants. As the necessary 
response w^as not forthcoming from the planters, the aid of the Pest 
Act had to be invoked and tbe completion of the operation had 
to be made compulsory by the 15th August every year. The Act 
has been m force from 1916 onwards under the control of Agri- 
cultural Department. 


The coffee berry borer (Stephenoderes hainpei Ferr ,), — This is 
a serious pest of coflee m other comitries and had not so far been 
recorded in India. The first time live specimens of this beetle was 
noted in South India was when a parcel of seed coffee from East 
Africa was received for examination from the General Scientific 
Officer, United Planters Association of South India by the Govern- 
ment Entomologist during March 19*27. A subsequent consignment 
of Arabica seeds imported into Bangalore from Belgian Cango by 
the Director of Agriculture, Mysore, was also reported to have been 
literally swarming with the beetles. The planters concerned rightly, 
feared that such indiscriminate imports might have already taken 
place with every possibility of the beetle having secured a foothold 
in India. An intensive survey of all the coffee growing areas in 
the south including Madras, Mysore, Travancore, Cochin, etc., was 
immediately taken up. A few cases of bored berries and occasional 
live specimens were recorded. The Madras Government was, in 
the meanwhile, appraised of the probable disastrous effects attendent 
on such unauthorized imports of the seed material. The gravity 
of the situation was immediately realized and further entry of un- 
roasted coffee seeds was prohibited under the provisions of the 
Defective Insects and Pests Act, Government of India. It sub- 
sequently transpired that the situation was not so serious, since the 

A-M.— 77 
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beetle was not found to have established anywhere in this part of 
the country. 

Plant quarantine regulations . — ^It is a matter of common experi* 
ence that unrestricted imports of seed and plant material from 
other countries would result in the inevitable introduction of their 
specific insect pests along with them. To avoid such undesirable 
mishaps, the Government of India enacted certain legislative 
measures and passed the “ The Destructive Insects and Pests Act, 
1914 ” authorizing the examination and treatment, if necessary, 
of any plant material imported in any of the ports. In due regard 
to this legislative measure, such consignments are b«ng regularly 
examined and fumigated before they are allowed into the country. 
The Central Government have further stipulated that seed-material 
hke, potatoes, c.oSee, rubber, sugarcane, cotton, etc., can be 
imported only by certain authorities and that too in certain ports 
only under specific conditions. The material in all these cases had 
to be fumigated with hydrocyanic acid by a competent authority. 
The execution of the work at the various ports situated in the Madras 
State was in the hands of the Customs authorities tdi 1944, and 
was later transferred (o the Agricultural department. A few 
countries like America, Egypt, etc., also have enacted parallel legis* 
lations and bulk commodities like |H'pp<'r. tamarind, cardamom, 
seed material, etc., have to be fumigated and certified by the 
Entomologist and Mycologi.st before they are exported. 

Icerya purchasi, Mask — Prevention of its spread . — A glaring 
example of the inadvertent entry of a serious exotic |>est into our 
shores is the cottony cushion scwle — heryn purchasi. This scale 
was first recorded on Wattles and other wild vegetation in 1928 on 
the Nilgiris in a serious form. It is needless to add that this insect 
should have been introduced much earlier along with some 
imported fruit or ornamental plants and left unnoticed until it 
developed to such serious proportions. The measures taken for the 
mechanical destruction of the scale have already been dealt with 
elsewhere. Having localized the incidence of the pest within the 
limits of the Nilgiris and Kodaikanal, the next step was to prevent 
its spread to other parts of the country. .A comprehensive list of 
host plants of the scale was drawn up and none of these are per- 
mitted to be transported from the notified areas without scrutiny 
land fumigation. Four quarantine stations — Mettupalayam and 
Gudalur for the Nilgiris and Shembhaganur and Top Station for 
Eodaikanal — were opened during 1043 and a plant quarantine 
Inspector was posted in charge of each station. Work at Gudaiur 
and Top Station was subsequently closed by January 1946 as the 
traffic was poor and the other two are stiU functioning as the eitaa- 
tion warrants their presence. Appreciable quantities of wattle bark 
and cemsignments of fruit, ornamental plants, etc., are being 
intercepted and fumigated regularly. 
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The enforcement of the Pest Act towards the control of the 
different insect pests mentioned above was, on the whole, smooth 
and satisfactory. Wide publicity is being given regarding the neces- 
sity for these legislative measures and of the benefits of the methods 
suggested. The stipulations of the Act are generally executed more 
by persuasion and tact and the penal provisions are enforced only 
in very extreme cases. The methods being simple and effective, the 
concerned parties also have not failed to appreciate their benefits 
and little or no difficulty has, so far been experienced in enforcing 
these regulations. 
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• For fuller information on paddy peete the bulletin on paddy insects (Madras Agrl. Dept Bulletin No. 26, 1931) may bo coi 
t See also departmental leaflets Nos. 40, 41 and 42 on these thiee pests. 
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Stout brown moth 
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Cknmbatore asd Fead on the foliage 


UBMOmS OF THB DBPABTMBNT of AGBIcni/rUBB, HADBAB 1057 



-The red and dusky bugs of cotton and a few cotton leaf cal 
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FlO. {FicVU! 9pp^ INCLUDING BANYAN, PbKPUL, ETC.) 

8tem«borer NorthemCiroarsand The grub burrows into Olmecamptus biolobus. Same remedy as in the case The beeUe is a slend^ 

beetle. Ooimbafcoro. the atom and often kiUa F. (Corambycid— of the mango stem borer pale white iiwect with 

the ahoot. beetle). beetle. very long feelers. 



Insects afiFecdng important onUji^ated plants in South Indi 


1080 UEMOIBS OF THE PBPAitTMENT OF AGlUOtTLTmtS, IIAOIUS 




MBMOnte OP THIS DEPARTMENT OP AGRlCClTURE, MADRAS 1081 



A.M.— 80 



Insects affecting important cultivated plants in South Indi 


1082 MBiHOlBS OP TfiSI dBpaRTMBnT op AGtUCtJLTtlBB. MAbfeAS 




USMOntS OF tHB DFFABTMBNT OF AOBlCtTLTXTfiB, MAOBAfi 


1083 



Leaf butterfly. All over Southern The small fleshy larva* Tarucua iheophrastxis, F. Rarely bad . . . . Ants visit these cater- 

India. feeds on the fohage. (Lycasnid — butterfly). pillars. 

Leaf weevil . . Coimbatore . . Feeding on foliage . . Myllocerus tranamari Shake the branches when Fairly large beetle. 

nu8, Hb (Curculio- the beetles will drop and 
nid — weevil). then collect and destroy 
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Mulbebry {Monts spJ), 

Stem girdler .• Coimbatore.. ,. Beetle rings the stem and Sthenias grisator, F. Destroy infested steins and See under grape. 

often kills it. (Cerajxib^cid — beetle). kill beetles when found. 





DYES, DRUGS. SPICES, NARCOTICS, Em 
Indigo {Indigofera curecta). 
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• Orubt of chafer beetles such as Anomala^ Adoretun, Holotrichia, etc., damage the roots of many garden plants. 
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CHAPTER 23. 

CEOP DISEASES. 

Early work— the palmyra bud-rot and the sugarcane red-rot— 
Crop diseases caused by lungl, their life histories, damage caused, 
control measures tried and results obtained, cropwar : — ^Rice, sor- 
ghum, ragl, bajra, setaria, paspalum, wheat, sugarcane, cotton, 
groundnut, redgram, horsegram, palms, arecanut, pepper, chillies, 
tobacco, citrus, banana, grapevine, coflee, tea— Diseases caused by 
viruses— sugarcane mosaic, tobacco virus, potato diseases, brlnjal 
little leaf, bendai mosaic, papaya leaf curl, tomato and cardamum 
disease— Deficiency diseases, boron, zinc and copper deficiency — 
Diseases due to physiological causes, black heart of potato— Fungi- 
cides — Bordeauz-mixture— Lime — Sulphur, Zine-Sulpnate, lune 
mixture — ^Dry dressing of seed grains — ^Legislation — ^Pests and 
Diseases Acts— List of diseases of cultivated plants in South India. 

Apart from inBects, wild animals and rodents, plant ‘ diseases ’ 
take a heavy toll of agricultural produce and rob the farmer of the 
fruits of his labour. A plant may become diseased owing to diverse 
causes which are not always easy to determine. A number of fungi, 
bacteria, eelworms, flowering plants and viruses are involved as 
casual agents of plant diseases. Furthermore, inadequate or ill- 
balanced supply of the plant’s complex nutritional requirements, 
lack of suitable environmental conditions for its healthy growth in 
relation to the soil, air, temperature and sunshine are also factors 
responsible for causing diseased condition in plants. The presence 
of toxic substances in the soil or atmosphere also sometimes causes 
serious injury to plant life. To combat a plant disease successfully, 
the first step is to ascertain the cause of the disease. This is a 
difbcult enough problem in itself. After ascertaining the cause, 
suitable methods of control which would not unduly raise the cost 
of crop production have to be devised. In the cases of diseases 
caused by the invasion of parasitic agencies, the method adopted 
should be such that will kill or arrest the growth of the parasite 
without doing any injury to the«rop plant. Considering the above 
difficulties, it is not surprising that though crop diseases have been 
known to afflict mankind from the earliest times and have often 
been causes of severe famine in many countries, it is only in com- 
paratively recent times, with the advancement of scientific 
knowledge in all directions that any progress has been made m the 
control of plant diseases. Though the progress has been substan- 
tial and rapid from the middle of the nineteenth century onwards, 
much leeway has to be made up, even in the advanced countries 
of the world, in regard to the problem of crop diseases. 

In the Madras State, the loss caused by various diseases affecting 
the crop plants has been estimated to run into crores of rupees 
annually. Now and then, a crop disease breaks out in a virulent 
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form in extensive areas causing almost total destruction of the crop. 
Our important food crops like rice, sorghum and ragi, commercial 
crops like sugarcane, cotton, tobacco and groundnut, fruits, vege- 
table and plantation crops are all subject to the incidence of diseases, 
and the reahsation of this fact in the early years of this century led 
to the organisation of the Mycology section as an important limb 
of the newly started agricultural department of the Madras State. 

The Bud-rot disease of the Palmyra and the Bed-rot disease of 
sugarcane were the first to receive attention and investigation of 
other diseases of crops was taken up subsequently. The section was. 
started in the year lUlO with a limited staff and was strengthened 
gradually as needs arose. An account of the results achieved durmg 
the course of these four decades is given in the following pages. 

Crop diseases caused by fungi . — Fungi are organisms belonging 
to the plant kingdom but unlike green plants can live only on other 
living orgamsms as parasites, or on organic matter as sapro- 
phytes. They lack the green colouring matter which helps the 
ordmary plant to build up its own complex food requirements from 
the carbon-dioxide present >n the air and the water and salts present 
in the soil. Some fungi like the mushrooms are suliiciently large to 
be familiar to everyone but others are minute organisms and can be 
seen clearly only with' tlie aid of the microscope. A few fungi are 
directly useful to man, as for example the edible mushrooms, the 
yeast which serve as fermentmg agents and Ergot and Penicillium 
which yield valuable medicines. Others help him indirectly by 
aiding the decay of organic matter in the soil, a process which is 
essential for replenishing the fertility of the soil. But unfortunately 
many fungi are harmful, and are responsible for causing crop 
diseases. They also attack stored products. Disease-causing fungi 
gam entrance to the plant through various means, invade its tissues 
and draw their sustenance from the food material built up by th^ 
plant for its own use. In some extreme cases fungi may\panse tli^ 
death of the entire host plant but in others they may affect only, 
parts of the plant such as roots, ^tem, leaves, fruits, etc. Xn a few, 
cases their presence may not show any outward symptom to S|>pear 
but nevertheless the invasion of a parasitic organism inva^bly 
renders the attacked plant unthrifty, and impairs its economic 
usefulness. 

The control of fungus diseases is effected in many ways, depend- 
ing on the nature of the disease. It will be seen from the following 
pages, that control measures are directed mainly towards prevention 
rather than cure since in many cases it is not possible to check a 
disease once it has gained an entrance into the plant and bee 
invaded its tissues. Treating the seed with fungicides, application 
of chemicals to the foliage, removal and destruction of infected 
material, sterilisation of the soil, are some of the methods now 
adopted to control plant diseases. Where these methods are not 
feasible and in addition to these, recourse is also bad to the selec- 
{ion and !)reeding of disease resistant varieties of cultivated plants. 
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Diseases of erops. 

Obyza fc>ATIVA (Htce). 

' A number o£ diseases caused bv fungi occur in South India. Of 
these some are of very great economic importance, frequently 
causing heavy damage to the crop in extensive areas while others 
are of only minor importance, either causing negligible injury or 
being restricted to limited areas. The investigation of the major 
diseases of rice has been an important item of the work of the 
Mycologj’ section from the very beginning and an account of the 
work done on the diseases recorded in South India is given 
hereunder : — 

BLAST — l*iricularia oryzae tcavara). — Owing to its wide distri- 
bution, frequency of occurrence and destructiveness, the disease' 
known as ' Blast ’ is b\ far the most important disease in South 
India; It was first recorded in the Tanjore district in the year 1918 
and was noticed to have been responsible for considerable damage 
to the crop in the Bapanasam taluk. Since then the disease has 
been noticed in all the rice-growing districts of the State but the 
damage caused by it has been particularly severe, besides Tanjore, 
in -the districts of Visakhapatnam, Nellore, Chittoor, Coimbatore, 
Chingleput, Madurai, Tiruchii^ppalli and Tirunelveli. The disease 
dccura.in.a virulent form and under certain favourable weather 
conditions takes a heavy toll. Tn bad years losses extending up 
to 90 per cent of the crop have been recorded in parts of Tanjore 
and Nellore districts. 

The disease is caused by a fungus Piricularia oryzw which 
attacks the crops in all stages of growth, that is from the seedling to 
the beading stages. The fungus invades the leaves, culm and the 
panide. In the nursery, affected plants withei* and die. In the 
transplanted crop, characteristic spindle-shaped necrotic lesions 
appear on the leaf. These have a dark browm margin and a greyish 
centre. As the disease develops the lesions enlarge and coalesce 
and the leaf trims brown. When the culm is attacked the nodes 
become blackehed and the culms often break at the joints. By far, 
the greatest amount of damage occurs when tlie neck of the panicle 
is attacked when tlfe crop is in ears. The development of the 
grain is arrested resulting in light cars and often the panicle 
breaks at the joint. 

Losses are proportional to the intensity of infection which m 
trim is governed by the degree , of susceptibility of the variety and. 
the weather conditions that prevail during the period, and also the 
nitrogen status of the soil. 

. Between 1919 and 1924 pathogenicity trials were conducted . 
with Piricularia occurring on Ellusine coracana (Eagi), Setaria 
/tolica (Tenai), Triticum sp. (wheat), Oryza saliva (Eice) and 
P^rtitUfOi^ repem. y The fungi occurring on these hosts,, thought 
moij^plogicaUy similar were shown to differ in tiieir pathogenicity . 
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reactions. During this period spraying with fungicides and seed 
treatment were tried as control measures, without any conclusive 
results. 

During 1924-25 varietal resistance trials were carried out. . It 
was noticed that there was a wide variation in the susceptibility of 
different varieties. Varieties ‘ Korangu Samba ‘ Kattai Samba ’ 
and ‘ Kattai Sambalai ’ (which appear to be synonyms of the same 
variety) were observed to be the worst affected. In the succeeding 
years these observations were confirmed. Among the early varieties 
noticed to show a high degree of resistance was GEB 24. This 
variety has since been shown to be susceptible under certain condi* 
tions but on account of its early maturity normally escapes the 
disease in Coimbatore and Tanjore. In subsequent years (1926-43) 
a large number of varieties released by the Paddy Specialist were 
tested for their relative resistence. Of these Co. 4 was found to be 
consistently resistant to blast to a greater degree than other varie- 
ties and this variety has since been used as a parent for the evolution 
of resistant varieties by hybridization. 

Owing to the importance of the disease in the State a separate 
scheme for the investigation of Blast and Foot-rot diseases of rice 
was sanctioned in 1943 by tlie Indian Council of Agricultural 
Besearch and has been in existence gince then. 

The work carried out under the scheme is summarized 
below : — 

(1) Varietal resistance. — Testing of various varieties of rice 
to blast resistance formed a major part of the work. Three hundred 
and three cultures ol rice were tested up to the end of 1949. Of 
these 35 were found to be highly resistant consistently for a number 
of years under different seasonal conditions. Of these, 12 were 
finally selected and grown in trial plots in the districts of Tanjore, 
Tiruchirapalli and Madurai to test their suitability to different 
tracts. Two of these cultures (Hybrid ADT lOxCo 4), Co 25 
and Co 26, have been found to possess other desirable quali- 
ties as well and have been released as blast resistant strains for 
distribution in Tanjore, Tiruchirapalli and Madurai districts.. 
These are long duration strains and are not suitable in tracts like 
Chittoor and Chingleput where this disease is Btb important limiting 
factor in crop production. Work is in progress to test the hybrid 
selections of the short duration types evolved by the Faddy 
Specialist. 

Varieties obtained from other States in India have all proved 
to be susceptible to blast when tested in the field. In 1949-50 varie- 
tal resistance experiments were duplicated at Buchireddipalem. 

(2) Manurial experiments. — ^Earlier work in 1926-29 had 
shown that heavy applications of nitrogenous manures tended to 
increase the susceptibility of the nee plant to blast. The results 
of the manurial experiments carried out under the scheme diowed 
that in susceptible varieties the application of increasing levels 
nitrogen beyond a minimum tended to increase the incidence of the 
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disease. Over a basal dressing of 5,000 lb. of green leaf, an appli- 
cation of 20 lb. of nitrogen per acre either as ammonium sulphate 
or groundnut cake does not increase the susceptibility of the plant 
to the disease under the conditions of the experiment in the Central 
Farm, Coimbatore. But the application of 40 to 60 lb. propor- 
tionately increases the incidence and the yield is adversely affected, 
the increase due to the application of the manure being neutralised 
by the heavier incidence of the disease. In the absence of the 
disease, as happens in years unfavourable for its spread, however, 
the yield is proportional to the amount of nitrogen applied. In 
resistant varieties (Co 4) the yield is proportional to the increasing 
levels of nitrogen and under conditions of the experiment an appli- 
cation of 80 lb. of nitrogen did not result in increased incidence. 

(3) Factors responsible for disease resistance. — ^Exami- 
nation of the leaf structures of resistant and susceptible vaneties 
showed that blast resistance was positively correlated with the 
number of silicated epidermal cells distributed per unit area. 

(4) Conditions favouring disease development. — A high 
relative humidity and a low night temperature resulting in dewy 
mornings, were found to be conditions favouring disease develop- 
ment. 

(5) Alternative hosts of the causal fungus. — ^Pathogenicity 
experiments with the fungus isolated from the following grasses 
showed that they are alternative hosts of P. oryzoe. (1) Pantcum 
repens, (2) Dvgitaria marginata, (3) Dinebra retroflexa, and (4) 
Leersia hexandra. Of these Digitaria marginata has been recorded 
as an alternative host to this species in earlier years. The grass 
Panicum repens has a wide distribution and would appear to carry 
the disease over from one season to another. 

Foot-rot — Gibberella fujikuroi (Saw) Wr. — (Fusarium moni- 
liforme Sheldon var. (majus) — Distribution of the disease and his- 
tory of investigations. — The foot-rot disease may be considered to 
be next in importance to the blast disease in South India. The 
disease has been noticed to occur in the Godavari delta and the 
districts of Coimbatore, Madurai and Chingleput on a scale which 
results in considerable loss of crop in the nursery. The investi- 
gation of the disease was started in 1930 and considerable progress 
in the study of the disease was made between the years 1930 and 
1935. The fungus responsible for the disease was identified as 
Fusarium moniliforme var. majus. and studies relating to the 
physiology and morphology of the organism were pursued. Various 
methods of control against the disease were tried and it was found 
that the disease being seed-borne could be controlled by seed treat- 
ment. Copper-sulphate solution of two per cent strength gave 
promising results, but was found to adversely affect the germination. 
The newly introduced organo-mercury compounds like Granosan, 
Oeresan, etc., were found to be extremely effective in controlling 
the disease. 
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• Investigation of the disease was pursned from 1943 onwards, 
'Under, the special scheme of the Indian Gonncil of Agiicaltursl 
Besearcb for paddy diseases. Studies relating to varietal resistipce 
and fungiOidal treatments were carried out. 

Nature of the disease. — Affected seedlings die out in large 

• numbers. In seedlings characteristic symptoms of the disease, viz. . 
abnormal elongation and etiolation are noticed. In the transplanted 
crop the affected plants grow thin and pale and shoot up conspicii* 
ously above the level of other healthy plants. The plants usually 
die out befoi'e flowering and when occaaonally the ear is formed the 
grains are unfilled. 

The disease causes the greatest damage in the nursery and the 
inadequate supply of seedlings for transplanting results in sparsely 
planted fields v'ith consequent reduction in the yield. The death 
of plants after transplanting also results in reduced yield. 

Control measures — (l)Varietal reststance. — The relative resis- 
tance of a large numher of varieties was evaluated by field 
experiments. The varieties of paddy tested showed a wide variation 
in their susceptibility to foot-rot. Two of them, GEB 24, and 
PTB 7, showed a very high degree of resistance consistently over a 
period of years. CO 10, CO 13, and CO 11 were highly susceptible. 
The other varieties tested were int<*rmediate between the two 
extremes. 

(2) Fungicidal treatment. — Among the various fungicides 
tested the following orgaiio-mercury compounds were found to be the 
most effective: (1) Ceresan (Tillantin R), (2) Agrosan GN, (81. 
Aagrano, (4) .4tiran, and (5) Noinersan. Other fungicides like 
Dithane, Perenox, Merfusan, etc., were not so effective. The 
optimum dosage of the fungicides was found to be one gram of 
fungicide for a pound of seed (or 1 lb. of fungicide for 450 lb. of 
seed), though a dosage up to two grama per pound of Ceresan and 
.\gro8ftn GN could be used without adversely affecting germination. 

During the years 1945-49 large scale demonstrations of the 
method of seed treatment for the control of the disease were carried 
nut in a selected village in the Gobichettipalayam taluk of Coimbs- 

• tore district and every year nearly 1,000 acres of rice were sown 
to treated seed. This helped to popularise the method in the area 
among the cultivators who are now taking up the treatment of then 
own accord, The cost of the treatment as per the current prices of 
the fungicides does not exceed annas four per acre.- 

(3) Mode of infectwn. — ^Experiments carried out at Coimba- 

tore in 1945-4fi showed that the fungus infects the plant -mostly 
through spores borne on the seed. The chance of infection through 
the soil is very limited under swamp conditions. Secondary 
infection in the field is brought about by air borne infection of ^ 
shoots and the panicle. ■ ' 

’* (4) Physiolo^ical'races of thefur^us.-’^laolaieB ottheiwni^ 

from different localities exhibited varying degrees of 111 
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afEecting paddy seedlings under the same conditions. An isolate 
from material collected at Erode (Coimbatore district) showed 
greater virulence than isolates from other localities. 

The fungus has been isolated from Sorghum vulgare 
(cholam), Penmsetum typhoides (cumbu) and Saccharum ofjicu 
narum (sugarcane) but the isolates differ in their pathogenicity 
reactions. 

Helminthosporiose. — This disease ]s prevalent throughout the 
State. Though, as a rule, it is not, under South Indian conditions, 
responsible for as mucli damage to the crop as the blast or foot-rot 
disease, but occasionally the disease gains the upper hand, and loss 
of crop occurs. The disease was first noticed in 1920-21 and a 
detailed investigation on various aspects was initiated. 

Nature of the disease. — The disease is characterised by the 
formation of dark brown or reddish spots on the surface of the 
leaves, rectangular or oval in shape, the lesions being confined to 
the space between parallel veins. The leaf sheath is also invaded 
and in cases of extreme severity of the disease the neck of the 
panicle is attacked. When the sheath of the boot is attacked, the 
emergence of the panicle is interfered with and the plant fails to 
put forth the ear. The glumes are also attacked and the fungus 
invades the interior of the developing grain. 

Besults of the investigations. — Investigations carried out 
between the years 1923-24, showed that the disease is seed-borne and 
primary infection could be controlled by seed treatment. As the 
fungus invades the interior of the grain, hot water treatment gave 
better control than fungicidal treatments. Secondary infection is 
spread through air-borne sporea and control is not feasible on a 
large scale. 

Studies on the mrrrphology and physiology of the fungus were 
pursued and pathogenicity trials with isolates from different hosts 
carried out. In 1038-39, the study of two isolates from rice 
revealed the fact that two distinct species of Helminthosporium 
YWere involved viz., H- Oryzcp and H. tetramera. 

In the succeeding years further studies on the physiology, 
morphology and pathogenicity of different isolates of Helminthos-^ 
porium were made. It was found that the fungus causing the 
disease in paddy w'as different from* those isolated from ragi or 
wheat. 

' Varietal resistance studies carried out during the period showed 
that none of the varieties tried was highly resistant, though a wide 
- variation in susceptibility was noticed. Heavy seed infection results 
in seedling blight which is favoured by lack of sufficient water- 
»«apply. This phase of the disease could be controlled by seed 
treatment with (1) hot water at 55® C. for 10 minutes or (2) organo- 
* inefcury compounds like Ceresan or Agrosan at the rate of one gram 
per pound of seed. The former method is, however, not recom- 
mended as it involves the risk of the seed losing its viability /if 
l^roper care is not exercised in maintaining correct temperature. 
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MINOR DISEASES OF RICE. 

Stem hot ob Sclebotial disease — Leptosphceria sdvinii Catt 

(Sclerotium oryzcB Catt) Helminthosperium sigmoideum Cav. 

Among the minor diseases of rice recorded in South India, 
stem-rot occasionally assumes dangerous proportions and is respon- 
sible for some amount of damage. Tliough the disease .has been 
recorded from almost all the rice growing areas of the State the 
disease has been noticed to occur m a severe form only in the 
Tanjore and Krishna districts. In Tanjore severe damage to the 
Ottadam crop was noticed in the Shiiali and Nannilam taluks 
in 1948. 

Nature of disease. — The disease is characterized by rotting 
of the stem at the base which results in the leaves turning yellow. 
The disease occurs only in the transplanted crop and manifests 
itself when the crop reaches maturity. In cases of severe attack, 
the affected plants lodge prematurely and in less severe cases the 
development of the ear is retarded and the ear-head fails to emerge 
from the boot. 

Results of investigations. — The disease was found to be asso- 
ciated with a fungus which forms abundant small sclerotia on the 
culms. Studies of the fungus in the laboratory revealed that it 
produced the conidial stage, Helminthosporium sigmoideum which 
is identical with the organism causing the stem-rot disease in other 
countries, and inoculation trials with the sclerotia and conidia of 
the fungus were successful in inducing the disease on inoculated 
plants grown in pots. 

Control measures. — The Sclerotial disease of rice is difficult to 
control. Methods suggested by workers in other countries are, 
burning the infected stubble ‘ in situ ’ to prevent the perpetuation 
of the disease in the field and periodical draining of the water from 
infected fields and allowing just sufficient moisture in the field to 
keep the plants growing. The latter method was found to be feasi- 
ble only in limited areas in the Tanjore dititrict as draining off 
water from infected fields involved the risk of the spread of infec- 
tion to other fields and the drying up of the fields resulted in their 
being over-run by weeds. 

False smut — Ustilaginoidea virens — The disease attacks stray 
grains in the panicle. The ovarv is " transformed into a large 
velvetv green mass which may be twice the diameter of the normal 
grain.” The plant as a whole is unaffected. The disease has been 
noticed in all the rice growing tracts in the State but has not been 
known to cause any appreciable damage. There is a belief among 
South Indian cultivators that the presence of the disease is indi- 
cative of a bumper crop. This, however, does not appear to be 
correct as the disease appears vear after year on a small scale in 
almost every field in the Godavari delta during the main season. 
Detailed investigation of the disease has not been carried out. 
The fungus was brought into pure cultures and inoculation triab 
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.were carried xmt, but inoculated plants failed to take the diseas# 
4 m d the mode of infection yet remains to be investigated. 

“ Oodhu-bathi ” disease (Balansia oryzas — Ephelis oryzas). — The 
disease is of limited economic importance. It was first recorded 
in 1917 and has been noticed to occur in Coimbatore and Madurai 
districts causing upto one or two per cent damage. The fungus 
causing the disease was brought into pure culture. Inoculation 
trials were not successful in infecting healthy plants. 

A similar fungus (Ephelis) was recorded on the following 
grasses: (1) Echinocldoa crusgalli, (*2) E. stagnina; Balansia sp. 
found on Urocbloa tmuicoides would also appear to be similar to 
the fungus. 

Detailed investigation of the disease was not pursued, but 
experiments were earned out in 1944 and 1945 to find out if seed 
treatments with organo-mercury compounds like Ceresan and Agro- 
san would be effective in controlling the disease. No conclusive 
results were obtained. 

Root-rot (Pythiura sp.), — A root-rot disease has been noticed 
to occur in various parts of the State particularly in Malabar and 
Tanjore. A species of Pythium is associated with it. Affected 
plants wilt all of a sudden and the base of the stern* becomes soft 
and rotten. The fungus was isolated from affected plants and 
brought into pure culture. The disease was found to be controlled 
by the application of one per cent Bordeaux mixture in pot culture 
experiments. Application of a balanced manure reduces incidence 
of the disease. Extensive trials on a field scale have not been 
carried out as the disease is of very minor importance and the 
damage caused quite negligible. 


Sorghum vulgare (Cholam, Joima), 

(1) Grain smut (Sphacelo theca sorghi). — This is the most 
important disease affecting this crop. It was first recorded from 
Coimbatore and Tirunelveli. But since then it has been observed 
to be prevalent in all the districts where sorghum is grown. In 
some years losses of ten to twenty per cent of the yield have been 
recorded. The seed-borne nature of the infection was established. 
Different methods of seed treatment wrere tried. At first seed dis- 
infection by steeping in 2 per cent copper sulphate solution was 
advocated. Further experiments showed that dry dressing with 
powdered sulphur was easier and equally effective and this has been 
recommended in later years. It was found that sulphur diluted 
with equal quantities of inert matter like china clay was as effective 
as pure sulphur in controlling the smut. The sulphur necessary 
for seed treatment was made available to the rvots in packets kept 
for sale at the taluk depots. Over 60 tons of sulphur have been 
thus distributed. This treatment costs only three pies per acre. 
During 1949-60, 236,000 acres were sown with treated seed. The 
methods advocated in Burma and by Dr. Xiuthra, viz., soaking the 
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;;Beed&.'in watec.and iliying them in the. shade or.8Lan,..i:eapec1avely» 
were compared with sulphur treatment but were found to be. Jail 
effective. 

(2) Loose smut (Sphacelotheca cruenta).' — This resembles .the 
grain smut in general except for minor details. It haa been 
recorded from Salem, Coimbatore and Madurai. The control 
.measures adopted for grain smut are equally effective against this 
disease also. . 

(3.) Head smut (Sphacelotheca reiliana). — This smut is of 
spora^c occurrence. It has been recorded from many of the die* 

■ tricts where sorghum is grown. But the loss caused by this dis- 
ease does not amount to much, as the incidence is not extensive. 
The entire inflorescence is transformed into a sorus covered by an 
evanescent whitish membrane. On the rupture of this membrane 
a black mass of spores mixed with fibres is exposed. Sometimes 
sori develop on leaves also. 

The spores when kept for germination exhibit only limited 
sprouting. 4 About six to ten per cent of the spores germinate. But 
the viability extends for over a year, a few spores germinating at 
a time. Experiments have shown that infection is through the 
soil. The spores that are shed in the soil remain viable for over 
two seasons and infect the young plants. The symptom, becomes 
evident when ears are formed. Seed dressing with sulphur has no 
effect in preventing infection as the pathogen is not seed borne. 
Eradication of the smutted heads will eo a long way in reducing 
.the infection in succeeding years. . • ' . 

(4) Long smut (Tolj’posporiura ehrenbergii). — This is a minok 
disease and is usually found only in the summer crop of sorghum. 
It has been observed in many of the southern districts. A few 
grains in an ear become transformed into long whitish sori about 
an inch or more in length. On rupturing of the sori, black masses 
of spores are seen. For a long time the method of infection re- 
mained obscure. Experiments conducted in 1949 have shown that 
■the infection is air borne. When the ears while still enclosed 
inside the boot leaf, are inoculated with spore suspension infection 
results. The spores have been found to remain viable for over a 
year. 

(5) Downy mildew or leaf shredding disease (Bclerospora 
.isorghi) — This disease has been observed in all the districts. The 
fodder sorghunv crops exhibit greater incidence of this disease. It 
has also been observed that there is more of the disease in rainy 
seasons. The disease exhibits varying symptoms according tor the 
stage of growth of the plant. In most cases ears do not develop. 
Large numbers of oospores develop in the shredded leaves.' It -hUB 
.been establidied that when pieces, of leaves containing spokes atie 
mixed with the soil in pots and then sown with bholam many W 
the young plants are infected. This proves that infection is soil 
.borne, liie fungus myoelittm was found to be jnresent'in all |»iiN 
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diseased plant, i.e., it becomes systemic and does not per- 
the full developqnent of the host plant. Affected plants perjifb 
^ft different stages before flowering. 

• Another type of air borne secondary ml'eclion has been observed 
ItO'be due to the conidia. This tyj)e is noticed in the later stages 
of the crop and results in the formation of yellowish stripes on the 
leaves. Ear development is not prevented in this case. 

(6) Rust (Puccinia purpurea). — This is prevalent all over the 
State. In most cases the incidence is evident after the formation 
^ of the ears. This has led to the conception that it does not cause 
"ony loss to the crop. But the rust fungus is an obligate parasite 
and it must obviously affect the normal development of the host. 
.;Tt has been found that some varieties are sensitive to the rust. 

Tliough the disease has been known fioin llie early days of 
the department, closer study of the rust was commenced in the 
forties of this century only. It w^as found that the rust is preva- 
lent on the grain sorghums and the wild fodder sorghums. Exa- 
!miuation of the different species cultivated at the Millet Breeding 
.Station, Coimbatore, has showm that all of them are parasitized by 
this rust. Cross-inoculation experiments showed that the rust can 
pass from one species to another and there is no evidence to sug- 
gest that physiologic races of this rust exist at Coimbatore. In- 
fection experiments have also showm that the host plant can be 
infected by the rust even in the seedling stage. Tu nature a spurt 
of infection follows a spell of rainy weather. * 

The conditions favouring the germination of the urediospores 
‘and telio-spores w’ere studied. Under laboratory conditions the 
•’•urediospores do not remain viable for over three weeks. The telio- 
spores are formed in December- January and can be made to germi- 
nate at once. The teliospores do not infect sorghum. But the 
sparch for the alternate host has not been successful. The germi- 
nating teliospores were inoculated on a number of weed plants, 
,on‘ which aecia had been observed, without success. 

All the eleven strains of sorghum evolved by the department 
are susceptible to the rust. Careful examination and assessment 
of the intensity of infection of the different cultures grown at the 
’Millets Breeding Station have been made for two seasons and some 
^of them have exhibited a high degree of resistance to rust. These 
are being studied further. No control measures are known. 

f7) Anthraowse (Colletotriclium gniminicoluran). — This is an 
old disease recorded from most of the districts. In some years it 
douses intense spotting of the leaves of seedlings finally leading to 
drying of the plants. This happens when prolonged rainy 
W^her coincides with the initial stages of growth. More often 
ft causes spots on older leaves in the later stages of the crop. This 
has several grass hosts. It is reported to affect maize also 
bht has not been observed fo do so in this State so far. 

' ’(8) Leaf spot (Cercospora sorghi). — This fungus ^ infects, the 
crop usually in the later stages. Rectangular red or brown spots 
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are foraged on the leaves and sheaths. Bometimes the whole leaf 
is involved. Infection is found to be influenced by humid weather 
prevailing at the time of blooming. The strain of the fungus found 
at Coimbatore does not pass on to maize, which is also recorded 
as a host for this fungus. The disease is prevalent in July and 
from October to December. These are rainy periods. 

(9) Leaf stripe (Helminthosporium turcicum). — ^This disease 
is prevalent in all the districts and is of minor importance. 

(10) Bacterial leaf spot (Bacillus holci). — This leaf spot is 
prevalent in Coimbatore. The spots are dark purple or red and 
depressed, with slight oozing of fluid from the surface. In some 
seasons the leaves are severely affected. 

(11) Sooty blotch (Eamulispora sorghi) : — This disease has been 
recently recorded from Guntur and Coimbatore. Extensive straw 
coloured patches develop and in affected {xirtions black fructifica* 
tions of the fungus are formed. 

(12) Stigary disease (Sphacelia sorghi). — This disease affects 
the grains and is prevalent in all districts. Drops of sugary fluid 
are formed in the grains and these fall and bespatter the ground, 
forming white spots. The yield of grain is considerably reduced. 

The sclerotial stage of the fungus (Claviceps) has been observed 
in Kurnool. The sclerotia are light brown and do not contain any 
alkaloid. All the varieties and species of sorghum grown at the 
Millets Breeding Station are susceptible. 

The disease is usually prevalent during November to January. 
Barely it occurs in July. Bain during the flowering period is 
favourable for the disease. Later sown crops are more affected 
than others. By adjustment of the sowing period the incidence of 
the disease can be minimized. 

(13) Twisted top (Fusarium moniliforme). — This is a minor 
disease affecting a few plants in the outskirts of the field during 
the rainy season. The successive leaves do not unfold readily but 
are held together at the tips which are usually rotten. The isolate 
of the fungus found in the rotten portion causes the death of the 
seedlings also. 

(]41 Mosaic (Saccharum virus 1). — The sorghum crop is In- 
fected by the sugarcane mosaic virus. The presence of sorghum 
fields in the neighbourhood of sugarcane plots is a source of danger, 
to the latter crop. 

EI/BUSInb coracana (Ragi, Tamida). 

(1) Blast (Piricularia sp.). — This disease was first reported in 
the vear 1919. Since then it has been found almost every year 
and is prevalent in several districts. The disease is found to affeet 
the nurserv and the transplanted crop. In the nursery leaf speit 
are formed and in severe outbreaks the leaves dry up. In the trras- 
planted crop the infection is found in the form pf leaf Bpote, 
blackened nodes, neck infection and Anger infection result^ ill 
chatfinesB o| ears. 
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There was no correlation between the intensities of infection 
in the nursery and in the transplanted crop. However, ihere was 
evidence to show that high humidity and rainfall during the flower- 
ing period always resulted in increased infection. The infection 
was usually much less in the crops sown in November to June. 
Heavy ear infection was recorded in the crop sown in July or 
August. 

Many of the cultures evolved at ilie Millets Breeding Station 
were tested for their relative resistance to blast. It was found that 
all of them were susceptible in varying degrees. 

The disease in the nursery stage could be controlled by spraying 
1 per cent Bordeaux mixture. At the time of transplanting, the 
tips of the leaves are clipped and the shoots dipped in Bordeaux 
mixture in order to destroy the pathogen and prevent it from pasa- 
ing on to the transpdanted crop. This method costs Bs. 2-6-0 per 
acre. Dusting with sulphur or spraying the ears with Bordeaux 
mixture did not lead to any satisfactory control of the infection. 

Gross inoculation experiments showed that the isolate from ragi 
passed on to wheat and barley but not to rice or tenai (Setaria 
italica). 

(2) Blight (Helminthosporium nodulosum). — This disease has 
been recorded from Bellary and Coimbatore. It causes spots on 
leaves, discolouration of stem and neck and blight of Angers. The 
infection is found to be seed borne and the seedlings are more liable 
to damage. Seed treatment reduces seedling infection. 

(3) Foot rot (Sclerotium rolfsii). — The disease was noticed m 
Visakhapatnam district and at Coimbatore. The basal portions of 
the shoot rot and the plant w’ilts and dries up. Sclerotia of the 
fungus are formed at the base of the shoot. 

The cultural characters of the fungus were studied. Sclerotia 
gave rise to sterile sporophores when grown on onion agar especially 
in darkness. 

(4) Mosaic . — The disease has been noticed off and i n in the 
Central Farm, Coimbatore. Moottling of leaves was evident. 
Sap inoculation and tissue transplantation did not produce large 
setde infection, but one suspicious instance was evident. Seeds from 
diseased plants produced healthy Eteedlings. 

Pbnnisetum TVPHOiDEs (Bajra, Sajja). 

(1) Rust (Puccinia penniseti). — This disease, is widespread in 
the State. The rust affects the crop at different stages in its 
growth. In some years, plants one month old are infected. More 
often, the rust appears before flowering. The leaves become com- 
pletely covered by the sori and premature drying of leaves results. 

The rust produces a large number of uredia on the leaves. A 
little later teUa are developed. These do not burst readily but 
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remain covered by the epidermis. Investigation carried oat in the 
section bav« resulted m the elucidutioii of the complete life cycle 
of this rust. 

1 ‘ ' 

Xile urediospores do not retain viability I'or over a mouth uudm* 
laboratory conditions. The incubation pei'iod extends from^eigbt 
to ten days. The tehospores germinate readily on maturity, htit 
it takes about 72 to 1)6 hours. 

Inoculation experiments with the germniaung teliospores oh a” 
number ol‘ weeds and other hosts showed that brinjal leaves are 
readily inlected. In ten days small swellings develop. Pycnia 
are formed on the upper surface and later aecia appear on the lower 
surface. The aeciospores readily iniect bajra plants. Thus the 
role of bnnjal as an alternate host was established. This relation* 
ship was also borne out by field observations. Brmjal crops grow- 
ing in the vicinity of bajra fields often exhibit the aecial stage in 
plenty. The three strains of bajra being distributed by the depart- 
ment are very susceptible. Observations made on the incidence of 
j’ust m the different cultures of bajra grown at the Millets Breeding 
Station revealed that some of the cultures are less affected thah 
others. 

The rust does not usually affect the elephant grass Penni- 
setuvi purpuTeum. Some of the crosses between P. typhoid^s and 
P. purpureum are not infected wliile others are. 

1,2) (ireen ear (Sclcrospora graminicola). — This disease is com- 
mon 111 many districts, and has been known from the early years. 
The incidence of the disease is high in low lying portions of the 
field. The affected pdants are pale green and covered by downy 
white growth. The spikllets tura into leafy structures resulting in 
complete sterility of the ears. Some of the branches become 
dwarfed and bear cmled and twisted masses of yellowish leaves 
which later turn brown. Oospores are found in these leaves. InfeCr 
tiou is through the soil. , The fungus becornes systemic. , The 
affected plant is rendered useless to the farmer. High soil mois- 
ture favours infection. 

(Toss-inoculation on tenai (Sftaria italica) and sorghum faanre' 
shown that the strain is specific to bajra {Pennisetum typhoida) 
and does not pass to the others. Though there is very little 
morphological difference between the fungi on bajra and tenai, they 
are physiologically different. . 

(3) Smut (Toiyposporium penicillariaeh — This disease is 
minor importance. Only a few grains in an ear are infected. The 
affected grains swell, turn green and contain black massed cir 
spores. Since the infection is air-borne, seed treatment is of no' 
use. It was observ^od, however, that higher incidence ol'smtit i« 
seen in ears which have been bagged for breeding ptitpoebs. ' - 



iwtUntitB OF S&PABtMEKt 'OF AOtltCULTURE, MADRAS 113^1 


■. »i.<4) Top rot (Fusarium moiuiiforme)^ — This is a minor affection 
confined to few plants in the. outskirts of the field duriuy rains. 
The leaves do not unfold readily and as m the case of sorghum 
the tipH of the leaves rot and the fungus is always found in this 
{ic^iion. The same fungus is seen m sorghum and sugarcane 
(Saccharum officinarum) also. 

Sktauia ITAUCA ‘teiiai, korra). 

(1) Smut (Ustilago crameri). — This disease is more m evidence 
in the Ceded districts than in others. Investigations on thui 
disease were started in 1917. The fungus affects the ovaries and 
ail the grains in an ear may be destroyed. It was established that 
infection is seed borne and the fungus enters the plant in the 
seedling stage. This information was useful in devising control 
measures. In the earlier years steeping the grams m 2 per cent 
copper sulphate solution was recommended and packets of copper 
sulphate were distributed to the ryots. But since 1936 seed dressing 
with sulphur has been recommended as it is cheaper and easier. 
One ounce of sulphur is sufficient for treating 15 lb. of seed. 

(2) Rust (Uromjccs setariae-itahcaef. — This is prevalent in all 
the districts. The crop is liable to be infected m all stages of 
growth. In some years as it did in 1941, it assumes epiphytotic 
dimensions and results lu the complete drying and destruction of 
the crop. The uredia and telia alone are known. It has bees 
reported that the telial stage is not common but under South Indian 
conditions telia may be seen almost annually. 

The urediospores are conceriicil lu the survival of the fungus 
since the teliospores do not infect Betaria. The viability of the 
urediospores is limited in duration. Under laboratory conditions the 
spores do not remain viable m the host tissue for over a month. 
The incubation period c.\tends to seven days. 

The same rust has been found on other species of Selarta, viz., 

glauca, and S. paUidtfusca. But the strain from, one host does 
not Infect the others, indicating that physiological specialization is 
present. 

, The various cultures of Setaria grown at the Millet Breeding 
Station were periodically e.vaniiued to assess their relative suscepti- 
bility to rust. All the cultures are more or less susceptible and 
even the culture reported to be resistant by the Millets Specialist, 
exhibited over 50 per cent crop infection in 1948. 

The incidence of the rust is influenced by the presence or 
absence of rain. Further, cultivation of successive crops of Setaria 
in the, same tract helps to increase rust incidence. Early sowings 
eerape the while those which come into flower during the 
rNiiy.jeason are heavily infected. 

(3) Green ear (Sclerospora graminicola). — This disease has been 
prevalent in most of the districts for a number of years. The 
leaves are pale and covered over by a downy growth of fungus. The 
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j^oong spindle does not unfold but turns brown and becomes 
shredded. The spikelets develop into sterile leafy structures and 
no grain is formed. 

The disease was found to pass on from year to year through 
the agency of oospores which are shed into the soil. The fungus 
infects the young seedlings and the hyphae spread throughout the 
plant. Moist soil conditions and humid weather help to increase 
the incidence of the disease. 

Experiments have shown that when bits of leaves containing 
oospores are mixed with the soil before seeds are sown the seedlings 
are infected in tlie course of a month. There is physiologic speciah- 
satiou in this species. 

(I) Blast (Firicularia setariae). — The disease causes spots on 
the leaves but does not alfect the ear or grains. It was first 
recorded in the year 1919 from Coimbatore. 

Cross-inoculation experiments showed that the fungus on this 
crop does not pass on to rice or ragi but can infect wheat and 
barley. 

Observations on the relative resistance of various varieties of 
Setaria showed that none was resistant. 

Paspauuu sciioBicuLATUM (Varayu, varigalu). 

Smut (Sorosporium paspali). — This smut is common in Anaa- 
tapur, Visakhapatnam, Tanjore, Madurai and Coimbatore. The 
whole inflorescence becomes converted into a sorus. In the early 
stages this is covered by a thin membrane which ruptures very 
soon exposing the black spores. Infection is seed borne. 

Wheat (Trittcum vulguic, T. dicoccum, etc.). 

1. Black rust (Puceinia gramiuis tritici). — Though wheat 
occupies only a small acreage in this State, the study of the rusts 
of this crop has assumed imixirtance owing to the view held in 
some quarters that the wheat crop in this State is a source of 
infection to other parts of India. 

The black rust is prevalent in all districts where wheat is 
grown. Usually the rust begins to develop from December on- 
wards in the plains. On the Nilgiris, however, it has been 
observed on summer wlieat* also, especially on the ‘ vulgare ’ 
wheats. 

Surveys of rust incidence made between 1935 and 1940 revealed 
that the black rust is usually present on ‘ vulgare ’ wheats and 
that the local ‘ sarriba ’ Triticum dicoccum exhibited high field 
resistance to this rust on the Nilgiris and Falnis. With a view to 
control the annual outbreak of rust in peninsular India, the summer 
crop of wheat on the Nilgiris and Falnis was banned during the 
years 1943 and 1944. A survey of the wheat growing areas Oon- 
ducted during January to March 1944 and 1945 diowed liMt rM 



kfiMOlBS OP Tttte OBPAItTMlfitJt OF AGIlICtJLTUEte, JiADRAS ll33 


was prevalent in Coimbatore, Bellary and Guntur in spite of this 
ban. Furthermore black rust appeared much earlier in some of 
the districts in the plains than on the hills, e.g., in Coimbatore 
it appeared in September. 

A severe epiphytotic of black rust was experienced in penin- 
sular and upper India during the year B)4G. 4'his stimulated active 
search for control measures. It was again suggested at a meeting 
of Plant Pathologists in Delhi that anotlier trial should be given 
to Dr. Mehta’s theory that wheat^ cultivation during April-Septem- 
ber should be banned on the Nilgiris and Palms. However, there 
was opposition to this from the Madras Mycologist who stated that a 
clean up campaign was not practicable as, besides wheat, the rust 
was found on other grasses and the complete removal of all the 
host plants was impossible. As information on the presence of 
collateral hosts was lacking, it w'as decided to conduct a rapid 
survey of the South Indian hills in order to locate collateral hosts, 
if any. The survey showed that black rust is prevalent on twro 
grasses, namely, Vulpia myuros and Briza minor. Besides these 
two grasses, others winch have been reported to serve as collateral 
hosts of this rust grow on the lulls though no actual record of the 
rust on these was made during the survey. 

At a subsequent meeting it was again decided despite opposition 
that the ban should be enforced for a period of three years from 
19i8. This time, the whole of the State was included. The ban 
has been in operation for two yeai*s. However, the incidence of 
black rust in Coimbatore and Bellary during the months of Decem- 
ber-February has not been reduced to any extent. On the other 
hand, it is interesting to note that during surveys of the incidence 
of black rust in the Madras State conducted b\ the staff of the 
Plant Protection Directorate, New’ Delhi, it has been revealed that 
while 100 per cent crop infection prevailed at Bellary and Coimba- 
tore during December, there was no incidence of black rust on the 
Nilgiris. This is evidence enough to snow^ that there are other foci 
of infection and that no useful purpose is served by banning the 
summer crop on the hills. 

2. Yellow rust (Puccinia glumarum). — This rust is prevalent 
only on the hills. There is no record of the occurrence of jellow 
rust in the plains. The local * samba * wheat {Triticum dicoccum) 
18 susceptible to this rust. If infection occurs in the early stages, 
the damage to the crop is substantial. However, the rust does not 
occur every year. Besides wheat, the rust has been found to 
infect Bromus catharticus, an introduced grass, sometimes used for 
fodder. 

3, Brown rust (Puccinia triticinab — This is prevalent all over 
the State. Both ‘ vuhjarr * and the local Saynba ‘ Dicoccum * 
wheats are susceptible. The disease is, however, generally found 
in the later stages of the crop. Both uredial and telial stages are 
found. It has been reported elsewhere that the telial stage is not 
found in this country, hut under South Indian conditions telia 
are formed almost every year and in plenty. 
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Saccharum OFFiciNARUM {Sugatcdne , Karumbu, Cheruku). 

1. Red rot (Pliysalospora tiieiiinancusis = Colletotrichum falca- 
tuin). — This disease is widely prevalent in many districts and was 
mainly responsible for tlie initiation of the Bamalkot Agricaltural 
Research Station in 1902. Since then it has been found to be 
causing heavy damage in some 3 'ears to thick canes like Vellai* 
Poovnn, Red Mauritian, Fiji B, etc., in tlie southern districts also. 

The study of the causal fung 4 ,s have revealed that there are two 
principal strains, a dark and a light one in the State. These two 
exhibit differences in their intensity of sporulation and ability to 
infect different varieties of vsugarcane. The physiological characters 
of the two strains were studied. The spread of the disease is 
through the use of setts from affected canes. A certain amount 
of secondary infection takes place through the agency of spores. 
The organism enters through the cut ends of setts and wounds 
in the rind. When diseased cane material is mixed with the soil 
and then healthy setts planted, infection is noticed in the result- 
ing growths. 

Tlie disease causes damage in sexeral ways. It prevents 
germination of buds and is tlius rcsjxuisible for gaps in the field. 
Sometimes young shoots wilt and dr\ up. More often, the crop 
nearing matuntv exhibits a high incidence of the disease with 
withering of leaves and drying up of the shixits. Another effect 
of the disease is on the quality of the juice after crushing, especially 
when diseased and healthy canes are mixed up. Inversion takes 
place and the recovery of sucrose is diminished. 

Experiments on the control of the diseas(‘ have shown that 
rigid selection of setts leads to reduction in the incidence of dis- 
ease. Only canes which are absoluteh free from infection and 
W’hich do not show any truce of reddening at the cut ends are to 
be used for planting purposes. Immersion of the selts in 1 per cent 
Bordeaux mixture before planting has a beneficial effect in prevent- 
ing secondary infection. The control measures cost Rs. 7 per acre. 
Water-logging favours the onset of the disease. These control 
methods were tried with complete success at Nellikuppum in the 
plantations of the East India llistiller'cs and Sugar Factories, Ltd., 
and the disease was overcome. 

A number of varieties of sugarcane w^ore artificially inoculated 
with the fungus to note the extent of infection and the relative 
susceptibility of the variety in each case. Under the conditions 
of the experiment, all the varieties tried except CO 281 were more 
or less equally affected. The fungus can also infect previously 
wounded sorghum leaves. 

A variety of this fungus has been found to cause leaf spots 
on Arundo dova,r^ a reed plant common in the vicinity of suglt^ 
cane plantations. The isolate from Arundo is capable of caming 
red-rot sytoptoms in sugarcane. 
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2. Smut (Ustilago scitaminea)’. — This disease is common 
throughout the State. It was originally reported to he capable of 
infecting only thin canes, but it has been recorded on thick canes 
also. In some years the disease causes heavy damage. In South 
Arcot and Bellary districts, the disease has been responsible for 
great reduction in tonnage. The practice of ratooning faxours the 
continuance and spread of the disease. Many of the varieties are 
affeted. Artificial inoculations have shown that the fungus can 
paas on from sugarcane to Sarrharum spontnnrum. The variety 
CO 290 is highly susceptible while CO 119 and CO 527, are reported 
to be resistant to smut. 

Extensive trials conducted for a period of t\\o years on the 
farm of Messrs. I^otv & do., at Nelljkui>pain liave shown that the 
best method of control of tlie smut is as follows : — I1ie ciop is 
examined row by row’, once a fortnight from the third month 
after planting. All affected shoots (sori) are cut without much 
disturbance and the smutted shoots transferred iininediately to 
bags made of closely w’oven cloth (drill). When the hag is full it 
is taken out of the field and iniiuersed in a tul) of boiling water 
for fifteen minutes to kill all the spores. The infected clumps, 
which are previousl\ marked, are dug out and destn>yed. At 
NelUkuppam this method reduced the incidence of the disease (roiii 
over 50 per cent to within 1 per cent in the course of three years. 
The cost of treatment is about Rs. 20 per acre. 

The spread of infection takes place either b\ the. use of setts 
from diseased canes (prmiarv infection) or by windblown spores 
(secondary infection). 1'he spores infect the }oung buds. It takes 
nearly two months for the s\ mptoms to become apparent. 

In recent years tlie disease has been reported to be spreading 
in the districts of North Arcot, (’hittoor and Bellary. Tlie provi- 
sions of the Madras Diseases and Posts Act are being enforced m 
the Hosjiet area with a view to control tlie disease. 

3. Pine-apple disease (Ceratostomella paradoxa). — This Is a 
minor disease and has been observed in a number of districts. 
The fuugus causes rotting of the setts befi>re gerunnation wrliich 
results in gappiness. Very rarely standing canes are infected in 
advanced stages of growth. 

It has been found that wiien the setts are treated by steeping 
in Bordeaux mixture before planting the disease is prevented. 

The isolate of the fungus on sugarcane w’as compared with those 
occurring on coconut and arecanut. There w'as no difference between 
them and they were able to [lass on from one liost to another. 

4. Top rot (Pusarium moniliforine = (Tihl)erella fujikuroi). — This 
disease occurs sporadically in Tiniehirapalli, South Arcot and 
Coimbatore districts. It is seen only during the monsinm and the 
disease disappears with the clearance of the weather. 

A.M.~83a 
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The isolate from sugarcane is allied to those from sorghum and 
bajra. 

5. Mosaic (Saccharum virus 1). — It was first observed in 1925 
and several of the varieties are affected. See also under Virus 
diseases. 


Cotton ( Gussy pi u m spp.) . 

1. Hoot rot (iibizoctouia batatieola=:Macrophomina phaseoli). 
— This disease is prevalent in many districts. In some years, it 
affects young plants in the Koilpatti area, causing wilting of the 
plants. More often, it is found to affect older plants resulting 
in root rot and ultimate drying. However, the fungus is, in 
many cases, associated with infestation by the stem w^eeviL All 
varieties of cotton are susceptible to infection. The cultural 
characters of the fungus w’ere studied. Biological antagonism 
exists between Tnchodrrtna hgnoruni and this (fungus T. lig- 
norum parasitises tlie hypliae of if. haiaiicola. The pycnidial stage 
of the fungus has been observed and identified as Macrophomina 
phaseoli- The pycnidia develop in the host plant but normal 
pycnidia do not develop on agar media. Other soil fungi like 
Fusarium, Aspergillus and Hhizopus do not exert any influence 
on the growth of Macrophomina phaseoh- The isolate from cotton 
is able to pass on to other hosts like horsegram, greengram, etc. 

Experiments have showm that cotton plants raised on soil 
infected with this fungus tw’elve months previously are not infected, 
proving thereby that the fungus does not remain viable in the soil 
for such a length of time. 

2. Wilt (Fusarium vasinfectiim). — This disease is not common 
in the State except at Uduinalpet. It affects Karunganni cotton 
causing typical wilt symptoms. Cultivation of resistant varieties 
will help to control the disease. 

3. Boll rot and seedling blight (Colletotrichum capsici). — This 
fungus causes seedling blight of Gossypiunt herhaccum and 0. 
arboreum but does not affect G. hirsuinm- The disease has lieen 
observed in Coimbatore, Tirunelveli and the Ceded districts. 

Later in the season the fungus infects the bolls causing spot- 
ting and finally rotting of the fruits. The acervuli of the fungus 
develop on the surface of the bolls. The lint is also invaded. This 
phase of the disease is rare. 

Experiments have shown that it is seed-borne and seed treat* 
ment with Ceresan has resulted in preventing the disease. 

The causal organism exliibits 8i)ecialized parasitism. It 
has several other host plants and can be slowly made to pass on 
from one liost to another by continuous culturing on the parti* 
cular host material. It produces toxic substances in culture when 
the culture is three weeks old. 
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4. Leaf spot (Alternaria rnacrospora). — Tbin disease is com- 
mon on the leaves of young cotton plants and may lead to defolia- 
tion wlien the incidence is severe. Humid weather favours the 
disease and the disease disap{)ears with the clearance of the 
weather. In restricted areas Bordeaux mixture spraying has 
resulted in the control of the disease. 

5. Areolaie mildew (Mycosphaerella areola — Kamularia areola). 
-—This is a minor disease common on G. arboreum and G. Iierha- 
ceum and rarely on G, hirsutum. It is prevalent in most of the 
districts. Severe infections cause defoliation. But mild outbreaks 
do not appreciably affect tlie crop. Valuable material can be 
protected by spraying Bordeaux mixture. 

6. Black arm (Xantliomonas malvacearum). — This bacterial 
disease was first recorded from Tirunelveli in tbe early years of this 
century. In recent times the incidence of the disease has increased 
to a large extent especially in exotic cottons, and has been observed 
in many districts. On G. arboreum and G. herbaceum leaf spots 
alone were found in a few cultures. Observations have been car- 
ried out on the different cultures of cotton grown at the Cotton 
Breeding Station and over fifty cultures were selected as exhibiting 
fair field resistance to this disease for further invt*stigation. These 
were grown m special plots and subjected to artificial field inocu- 
lation. Two cultures, viz., 70-2 and 458-1 have been found to 
exhibit a high degree of resistance under Coimbatore conditions, 
consistently over a period of four years. 

Tliis is a seed-borne disease. Seed treatment was tried as a 
measure of control. It was fouiul that seed-dressing with ceresan 
or Agrosan GN gave control of primary infection but had no effect 
on the incidence of secondary infection. Rainy weather was found 
to he favourable for tbe spread of infection. 

7. Stenosis. — This is a virus disease common in the Ceded di.s- 
tricts and in Coimbatore on indigenous cottons, "^he leaves are 
reduced in size, branches are crowded and sterility results. Graft- 
ing experiments have shown that the disease is communicable and 
is caused by a virus. 

Groundnut (Arachis hypogaea) (Nilakadalat). 

1. Tikka disease or leaf spot (Cercospora personata — Mycos- 
phaerella berkelevi). — This is common all over the State. In th% 
early years it had caused considerable reduction in yield. The 
climatic conditions determine the intensity of infection. 

Experiments carried out over a number of years have shown 
that the disease can be controlled either by spraying 3-5-50 Bor- 
deaux mixture or by dusting sulphur. Spraying has pro- 
duced an increase of 350 lb. of groundnuts per acre over the control. 

2, Boot-rot (Macrophoinina phaseoli — Ehizoctonia bataticola). 
“This fungus causes root-rot of groundnut in the irrigated crops 
in South Arcot and Guntur. Infection of the roots, stem, branches 
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and pods takes place. The disease is partly seed-borne as scderotia 
persist in the shell of the pods and on the seed coat. 

Seed selection and application of lime have given satisfactory 
results in reducing the incidence of the disease. 

3. Clump disease (Archis virus 1 ). — TWm is a virus disease. It 
is prevalent in South Arcot, Coimbatore and other districts. Tha 
plants are stunted, leaves are reduced in size and mottled and 
pod formation is arrested. Two species of aphids are known to act 
as vectors. Eoguing out atfected plants in early stages may pre- 
vent spread of disease. 

C A JANUS CAJAN {Red gram., Thiwarai, Ka,ndnlu), 

Wilt (Fusarium udum). — This is the most serious disease of 
redgrara and is common in the districts of Coimbatore, Guntur and 
Godavari. Atfected plants wilt and die. 

Investigations at Coimbatore have brought out the fact that 
the earliest infection is seen as early as 14 days after emergeiloa 
of the seedlings. Tlie collar region just below the soil surface u 
infected first. 

The incidence of tlie disease incireases steadily from the fifth 
week and the largest number of plants die between the thirteenth 
and fifteenth weeks synchronizing with the reproductive period of 
the plant. After this there is a decline up to the twenty-fifth week 
when the crop is ready for harvest. 

At the period of maximum infection the soil temperature is 70* 
to 80*^ F. 

The fungus works its w'ay up the .stem to two-thirds the height, 
but the pods are free and the fungus is not seed-borne. 

Application of heavy doses of green manure and cattle manure 
did not reduce the incidence of tlie dist»ase. McRae and Shaw (1933) 
have reported that green manuring with sunnhemp reduces the 
incidence of the disease. 

Seed treatment with Agrosan G. did not lead to the control 
of the disease. 

Varietal resistance trials were conducted over a jieriod of years. 
A number of varieties including some wdiich had proved resistant 
elsewhere and progenies of crosses with resistant varieties like 
Pusa 80 and Thadagam selections, were tested for wilt resistance, 
in a wilt-sick plot in the Cotton-Breeding Station at Coimbatore. 
Tw^enty-.seven cultures showed a commendable degree of resist- 
ance. Their disease rating varied between 3*2 and ll’G per cent 
while the control showed 95 per cent infection* 

Dolichos nmoBUS (Horsegram, Kollu, Ulavalu). 

Root-rot (Rh izoctonia Imtaticola-Macrophomina pbaseoli) 
This disease which results in the death of affected plants in fmh 
sent In many districts. 
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The caustil ojganibiii, Illiuzocluitia baiaticola is able to infect 
besides horsegram, French beans (Pbafieolus vulyaris) and black- 
gram (Phaseolns munyo), French l)eans are more susc^eptible to 
the isolate from horsegram, than liorsegram itself. The isolate 
from horsegram is not able to infect gingelly iSesamum indicAvm), 
Karunganni cotton (Gossypitim arhoreum) and f’owpea (Viypa 
catjang) but isolates from tliese are able to infect horsegram. 

All parts ol the liorsegram plant, root, collar, cotyledonary 
node, shoot and leaflets are all equally vulnerable to attack by the 
pathogen. It is ol)ser\ed to be seed-borne. The plants are more 
susceptible in the seedling .stage than when they are older, as 
the following record of infection indicates. 

Attacks in the first fortnight ... 35 per cent. 

Attacks in the second fortnight ... 10 per cent. 

.\ttacks m the third fortnight ... Nil. 

The best method of obtaining infection was found to be to 
inoculate the radicles of germinating seedlings and then transfer- 
ing them to the soil. By this means 50 to 60 per cent infection 
was obtained while by the otlier means only 17 to 33 per cent 
infection was obtained. • 

One of the eflV(*ts of the fungus was a reduction in the length 
of the root system. The length of the roots of infected seedlings 
varied between 1-5 and ‘2^5 inches, while in the case of uninfected 
controls it was to 13*7 inches. 

The organism grows in culture at temperatures between 8* 
and 37® C, hut the best gnnvth was obtained at 37® C. 

The .soil fungus Trichodernia liyvornm was observed to para- 
sitise the hyphae of Hhizortouia hataticola. When two-da} old 
seedlings of liorsegram were inoculated with a mixture of Rhizoc- 
ionia hututicola and TricJioderma Uynorum , there was no infection 
while there was infection witli Rhizocionia hataticola alone. 

The addition of a 10 per cent cultural filtrate of Triclioderma 
lignorum retarded tlie growth of Rhizoctoma bataticola. 

Palms iCoros vuctfera) (Cocnaut, Titengai, Kohbarichrttu). 

(1) Bud rot (Pli}tophtliora palmivora). — This disease occurs in 
the districts of Malabar, Coimbatore, Madras, Chingloput, South 
Kanara and the C nears. DiscHiloured spots are seen on the leaves 
and leaf bases and the central expanding leaf turns pale yellow 
and dries uj). If the disease has not affected and killed the 
central shoot, the tree can be saved. 

The best method of control has been found to be the excision 
of affected leaf bases in outwardly infected trees and removal of 
the crown in the case of internally affected ones. Tlie trees sur- 
rounding an affected tree should be given protective sprayings with 
1 per cent Bordeaux mixture. 
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In the year 15)49, 600 seedliuyK were found to have been killed 
in a garden. The removal of afected seedlings and protection of 
the healthy ones with Bordeaux inixtiu’e once in 46 days saved 
the rest of the garden. 

(2) Stem Bleeding (Ceratostomella paradoxa). — The disease 
affects coconuts in the Circars, districts of Tanjore, South Arcot, 
Tirunelveli, Salem, Coimbatore, Malabar and South Kanara 
particularly in poorly manured gardens- 

A dark-brown fluid exudes from cracks on the stem. The tis- 
sues inside rot. The disease spreads rapidly in palms of 10 to 20 
years age forming big cavities. The growth is affected and yield 
is reduced. 

The method of control developed by, the department consists 
in the excision of diseased parts and application of hot tar to the 
cut surfaces, and in attending to proper cultural practices and 
manuring. 

The same organism causes a similar disease on Areca catechu, 
the betel nut palm and similar control measures are effective. 

Areca catechu (Betel nut). 

(1) ‘ Mahali ’ or ‘ Kolcroga ' (Bhytojdithora palmivora). — 
This is the most serious disease affecting this palm in the districts 
of South Kanara and Malabar, which have respectively 20,000 
and 80,000 acres under this crop. The disease is also prevalent in 
the North Kanara district of Bombay, in Mysore and in the 
Travancore-Cochin Union. All these localities lie in the West 
Coast belt which experiences heavy rainfall during the south-west 
monsoon. The disease was first noticed in 1010 in Mysore and 
shortly thereafter in Malabar. 

The affected nuts rot and fall off from the bunches. The 
disease spreads rapidly from tree to tree, and from garden to 
garden. The damage caused is heavy in some years resulting in 
the total loss of the crop, if timely spraying is not done. In 1936 
many of the growers in South Kanara district were caught in a 
complacent mood. Sprayings were not carried out in time and a 
severe epidemic swept the plantations and growers who could 
not spray in time sustained heavy losses. 

The casual organism was .studied in detail. The optimum 
temperature for the growth of the fungus in culture is 30* C. 
The organism is heterothallic and does not form oospores when 
paired with other isolates from arecanut, but readily forms oos- 
pores with isolates from palmyrah, coconut, oranges, rubber and 
cocoa. Oospores are readily formed at 15“ to 20“C, but not at 
27-28“ C. 

The organism infects two or four-months old arecanuts readily 
but not so readily six months old nuts. It has a wide host range 
and is able to infect potato tubers, apple fruits, fruits of dtrtu 
nohilis (but not of C. sinensis), fruits of Artocarpus inctaa, Agent 
wightii and cocoa fruits, 
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Sporangia of the fungus have been caiiglii in aeroscope slides 
at a height of 32 feet in the neighbourliood of arecanut plantations. 

Spraying Bordeaux mixture for controlling the disease was 
advocated as early as 1013 and the metliod was popularized among 
the growers in South Malabar by systematic demonstration and 
propaganda for a number of years. As the control measure was 
found very efTective, cultivators adopted it without diflBculty and 
spraying the bunches during the season has become a recognized 
routine practice among areca growers in Malabar. 

In earlier years it was considered necessary to add an adhesive 
to the Bordeaux mixture to help its retention on the bunches 
against the heavy monsoon rains. As a result of a series of 
experiments carried out in the years 1030-10, it has been estab- 
lished, that tlie use of adhesives is not really necessary and much 
labour and cost could be saved by using plain Bordeaux mixture. 
It was also found that other fungicides like cuprous oxide were 
not as efficient as lk)rdeaux mixture in controlling the disease. 
The optimum number of sprayings for effective control of the 
disease was found to he two, one just before the onset of the mon- 
soon and another about six weeks later. 

Though plain Boideaux mixture has been experimentally 
proved to be as t‘ffective as, if not better, than Bordeaux mixture 
with adhesive, the ryots have continued to use the older formulaB 
including the adhe«5iY(‘, in spite of the inherent difficulties, in its 
preparation and the greater cost involved. l’'fforts are being made 
to induce the growers to adopt plain Bordeaux mixture. 

The cost of control measures j< ahemt Bs. 60 per acre. 

Besides the sprayings, attention should he paid to fitdd sani- 
tation, i.e., the removal and destruction of disea.sed and dried up 
nuts sticking to the bunches, the rotten and dried up empty hands 
which have already shod, the diseased nuts and the bud-rot 
infected crowns which form potent sources of infection. These 
sanitary measures are best carried out at tlie time of the harvest 
and the climbers should he instructed to remove the disea.sed por- 
tions as they proceed with the harve.st of the nuts. 

(2) Wilt ((lanoderma lucidumb — The disease occurs in Malabar, 
South Kanara and roimhatore. 

The leaves (diange eokuir from dark green to dull yellow, later 
they droop as if suffering from lack of water: the crown shrinks 
and the core of the stem becomes soft and rotten. Sometimes a 
coloured fluid oozes from cracks at the base of tlie stem. At the 
base of the affected palm, hracket-shaped fructifications of the 
fungus appear in the last stages. Te organism spreads through 
the soil and the disease is distributed tbroughout fhe garden. 

Bemoval of all affected trees and applicati<m of sulphur to the 
soil at the rate of half a |X)und per tree round the base of healthy 
trees in the infected garden would help in checking the spread of 
the disease, 
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(3) Stem Bleeding (Ceratostomella paracloxa). — This disease 
is similar to the one found on coconut and is caused by the same 
organism. It is prevalent in the districts of South Kanara, 
Malabar and Coimbatore. 

The control measure for the disease is the same as for the 
disease on coconuts. In addition, sun-scorching of the stem 
should be prevented. 

Piper nigrum {pepper), 

I^epper production is seriously affected by a number of diseases » 
viz., PollUy root-rot (Diplodia sp.) wilt {Pythium sp. and Rzhizoc^ 
tonia solani) and stump-rot (RoselUna bunodds). Of these by far 
the most destructive is ‘ Poll a,* 

The Pollu disease, — The term ‘ PoUu ’ signifies a hollow thing. 
As applied to pepjicr it means hollow and light berries. In a 
wider sense the term is employed to include the loss occasioned 
by the presence in tlie produce of varying cpiantities of improperly 
developed or damaged berries of piMir commercial value. Losses 
vary and m some years are as liigh as 50 per cent of the market- 
able produce. 

Investigations on the nature of the disease and the contributory 
factors have been carried out since lffl8 and there are a number 
of publications on the subject. A survey of the Pollu and rixit 
diseases of pepper in South India was carried out in 1944. 

Causes of Pollu. — Pollu is a coinjilex problem and can be 
divided into three types according to the casual agent : — 

(1) Spike-shedding which appears to be a phy.siological 
phenomenon, 

(2) Insect Pollu where two insects, viz., a flca-beotlc and a 
gall fly are involved, and 

(3) Fungus Pollu caused by Colletotricuvi necalor. 

Of the three factors, spike-shedding is the most important. It 
is characterized by shedding of apparently healthy spikes before 
the period of maturity . The berries collected from shed spikes being 
immntme become very light and partially hollow on drying, the 
degree of lightness depending on the stagt* of maturity at which 
shedding occurs. Microscopic and cultural studies of shed spikes of 
different periods and from different vines failed to show evidence 
of fungus, insect or bacterial attack of the stalks of the large luajo- 
rity of spikes. Two insects, viz., a flea beetle {Longitafm$ 
vigripennis) and a gall fly also cause hollow berries, ^he flea 
beetle bites small shallow circular holes in the rind of the berry 
and lays eggs therein. The grubs which hatch out in five to eight 
days burrow into the kernels and destroy the contents and similarly 
hollow out neighbouring berries also. , Three to four berries are 
destroyed by each grub. Sometimes the grub bites through the 
stalk of the spike when all the berries in the distal pdrtions toril 
black and do not ripen. 



MEMOIRS OF THE DEPARTMENT OF AGRlCULTriiE, MADRAS 1145 


There is a third furiii of Pollu caused by a fun^^iis, CollecloLri- 
churn necator, Tlie fungus causes shrinkage and drying up of indi- 
vidual berries and the stalks of the spikes are also involved. The 
attack begins on the leaves and stems. Circular or irregular grey 
spots appear or) the leaves. Concentric rings of acervuli appear on 
the upper surfiKte. On the stems, the attack begins at the tips and 
travels down to a limited extent and in course of time the stem 
is killed. Young vines and tender runners from old vines are killed 
in this manner. On old vines the attack coinniencos at the region 
where the brancdies arise, and tlie fungus can l)e dete^cted near the 
nodes of dead branches. Direct loss oif crop results from attacks on 
spikes and berries. 

Spike shedding caus(*s hv far the great(‘st amount of loss. At 
Taliparaiuba this form of the disease has heem noticed to cause a 
los«4 of 46 ‘3 per cent of the berries on the variety Bnlamrofta and 
87*9 per cent on h'alluralli in one \ear. On the other hilnd, fungus 
pollu caused a loss of 5-6 p(‘r cent and 6-1 per cent respectively. 
Sometimes the loss has been noted to extend up to 13 {ler cent. 

Control nirasiirc^. — K\p(‘rinients carried out at Taliparamba 
have shown tliat the application of Bordeaux mixture (I to 2 per 
cent) with adliesivt^s like resin, (‘asein or fish oil soap was effective 
in controlling ‘ pollu * caused hv fungus attack. Besides, liordeaux 
mixture acted also as repellent against flt'a he(Ule and reduced its 
Jncidence. This measure, how(*ver, was not t‘ffective in reducing 
spike fall (physiological). The best time lor the application of 
Bordeaux mixture would appear to lie in r)ctol>er so far as control 
of the fungus was concerned, hut October hpra 3 Jng^ sometimes had 
the effect of increasing mealy bug infestation of tlie vines during 
the succeeding dry w’cather. The mealy bugs were [iresuinahly kept 
in check by some fiarasitic fungi whi(*h were destroyed by the 
fungicide. 

Varietal characteristics . — Two varieties, Balawcotta and Kallur 
vain, were studied at the Agricultural Research Station, Tali- 
paramba, with regard to the mcidence of siiikc fall, Pollu and yield. 
It was found that sj>ike fall is hea\ier in DaUuncoiiu than in Kallu- 
valli. But the combined effects of fungus and insect Pollu is 
heavier in Kalluvalli than in Balameotta. Besides this varietal 
difference, there was variation among individual vines in theif 
susceptibility to spike fall. 

Indian Council of Agricultural Research Scheme . — At the 
instance of the Indian Council of Agricultural Research, a survey of 
the pepper tracts in South India was undertaken in 1944 and based 
on the recommendations of the survey report a comprehensive 
scheme for the study of various problems relating to the pepper 
crop has been started ajid the investigation of the diseases affecting 
the crop forms an important item of the programme of the scheme. 
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Capsicum annuum (Chillies, Milakui, Merapdkayalu\. 

Fruit rot (Colletotrichuin capsici). — This disease is prevalent in 
the districts of Coimbatore, Guntur, Tirunelveli, Madurai, Salem, 
Malabar and South Kanara. It is the most serious disease affecting 
chillies in India and losses up to 30 ))er cent of the crop sometimes 
occur. The attack occurs usually in September when the crop is 
in flower. Individual flowejs droop and dry up. The infection 
reaches the stein through the flower stalk and dieback occurs. At 
later stage the fruits are attacked and rotted. 

Two sprayings with Bordeaux mixture, one before the com- 
mencement of the attack and another at the time of fruit formation 
controls the disease. 

The fungus is capable of inh^eting cotton after having been 
grown on cotton seed medium for a number of generations. 

Nicotiana tauacl'm (Tobacco, Pukayilai). 

Tobacco diseases, — ^The investigations ndating to tobacco disea- 
ses were carried out under a special scheme financed by the Madras 
Government fur five years 191*2-1947. Tobacco is subject to a 
number of diseases. In the nursery, much damage is caused by the 
damping off of seedlings. In the transplanted ciop. mosaic, leaf- 
curl and other virus diseases take a heavy toll. But by far the 
most troublesome enemy of the tobacco was found to be the phane- 
rogamic parasite ‘ Orobanche *. 

In the earlier years, investigations on these diseases were carried 
out as and when opportunities occurred and certain amount of preli- 
minary work was done. The extension of area under Virginiaii 
tobacco in the years just preceding the war in the Guntur district 
and parts of Godavari and Krishna and the repeated growing of 
tobacco year after year to the exclusion of other crops in these 
areas, intensified the conditions favourable for the spread of diseases 
w’ith the result that in the course of a fe^’^ years the diseases got 
the upper hand and the yield and quality of Virginian tobacco 
grown in the Guntur area suffered to a considerable extent. 

In order to find out remedial measures for controlling the mora 
important of the diseases which affected tiAhacco in these areas the 
scheme started work in December 1942 and the results achieved 
are summarized below : — 

Tlie scheme had for its programme the following items :~ 

I. Investigation of Orobanche cernua. 

TI. Investigation of damping off in tlie nurseries. 

III. Investigation of other fungus and virus diseases of 

tobacco. 

T. Orobanche cernua (Broom rape). — The broom rape is a 
phanerogamic plant which invades the root of the tobacco plant and 
grows parasitically on it, robbing the host plant of nourishmeB# 
and wateri The effect of heavy infection is loss of yield and 
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lowering of the quality of the tobacco leaf. The seeds of the para- 
site are produced in enormous numbers and are capable of remaining 
in the soil for a long time. A number of field and pot culture 
experimente were carried out with the following objects : — 

(1) To find out easy and prac'ticable methods of destroying 
the parasite in the field after it has appeared before it could 
adversely affect the crop and produce seeds for perpetuating Uself. 

(2) To find out methods to eradicate broom rape seed from 
the soil. 

(3) To find out resistant types of tobacco which wull not be 
aeriously atfee.ted hy broom rape infe.station. 

(1) To find out a suitable scheme of rotation of crop which 
will help to check incidence of the parasite. 

The results of five \ ears’ experniKUits are summarized below* : — 

(1) The of cheiineals like copper sulphate, ferrous sul- 
phate, Agri tree killer, Melhoxone were not found superior to 
sy^iitematic and regular hand-picking of the broom rapes. While 
some of the chemicals tru'd were able to destroy the standing para- 
sites they were not ellective in pre\entmg formation of new growth 
and lienee constant application was necessary which resulted in 
increased costs. 

Tile difficulty m finding oui a ouitable chemical is that it 
siiouid be such that will destroN the parasite witliout adversely 
affecting the tobacco. The cunclubiun arrived at as a result of the 
field experiments is tliat hand-picking periodically was about the 
simplest and at the .same time the mo&t effective method of keeping 
down rape mfestaiiuu. Surface cuiinatiou with Guntaka also gave 
encouraging rfjsulls. 

(2) The follow'ing methods were tried with a view to eradicate 
seed from soil ; (1) the use of a trap crop like Datura fantuoi^a which 
has a special affinity for orvbanche, (2) the use of organic matter 
of sunflower, etc., to induce germination of seed m the absence of 
host plant. The results of ex|HUTments carried out during the five 
years showed that vwhanchv could not be controlled eitlier by 
incorix>rating organic material m the soil or by gnwving Datura 
fastuosa as a traj) crop under Guntur conditions. However, the 
finding that Datura fastuosa ha.«; a great affinity for orobauche w’as 
an important one. as the [lossibility of its being utilized for eradi- 
cating orobaiu*he under other cf»nditions is not ruled out. In the 
com-se of pot culture experiments carried out, it wae found that 
chillies stimulated germination of orobanclie seed in the soil without 
themselves being parasitized. This finding is also of great signi- 
ficance inasmuch as it indicates that the growing of chillies 
(though a solanaceous croj)) in rotation with tobacco will not result 
in the multiplication of the parasite 

( 8 ) With regard to varietal resistance, though some varietm 
like * Dumbari * and Country rat tail showed higher resistance 
than others in some trials, the results were not conclusive ae thoir 
superiority was not consistently significant in all the trials carried 
out during the five years. 
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(4) Contrary to the experience recorded by previous workers 
elsewhere, it wae found that the seed of Orohanche cernua rarely 
remained viable for more than two and a half years and therefore 
a three-year rotation of crop in the (luntur area (tobacco coming 
once in three years or more) nmy help in reducing rape incidence* 
The scheme was closed before conclusive results could be drawn 
on this aspect from the experiments laid out. 

Host range of Orobanche. — Astudy of the host range showed 
that it could parasitise Daiura fasiuosa (purple), D. fastuosa van 
alba^ D. siramoniumy Lycopersi^um esculeniurn, Nicandra physu^ 
loidesy Nicotiana affinis, N. glauca, glufinosa, N, rustica, N. $an^ 
daroe, N, tabacuniy Petunia sp,, Physalis minima , Solanum melon- 
gena^ S, nigrum, S. tuberosum^ S. .ranUiacarpum, Withania somni- 
ferOy Ilrlianthus sp]). , Carthamus tiurtorius, Avalypha indicUf 
Euphorbia prostrata^ Corchorus capsularis, C. trilocularis and 
Cannabis saliva. 

The results of five }cars experiments showed that systematic 
hand-picking of hroom rapes as (hey appear and (he practice of rota- 
tion (tobacco crop being grown once in three or four years) would 
help in reducing broom rape incidence. 

II. Investigations relating to control of Damping off. — Damping 
oil of seedlings caused bv soil fungi, chiefiy Pythium aphanider- 
matum results in heavy loss to the farmer in the Guntur area and 
a number of field experiments were laid out to find out the best 
method of eontrol of this disease. 

It wae found that spraying the nurseries with one per cent 
Bordeaux mixture at the rale of 5(K) gallons per acre once every 
fortnight commeacmg from 20 days after sowing was effective in 
completely controlling the disease. The cost of treatment was 
found to commensurate with the profits gained as severe incidence 
of disease completely W![)ed out the seedlings from seed-beds which 
have been raised with considerable amount of labour and trouble. 

The practice of spraying the nurseries has been popularized 
among the farmers and has been taken up by them with enthu- 
siasm. 

III. Investigation of other fungus and virus diseases of Tobacco. 
Black shank (riiytoplitliora palmivoi\i). — The disease was noticed 
for tJie first time in South India in 1930. It is characterized by 
th(» blackening of the stalk and subsequent rapid wilting of the tops. 
Infrequently it occurs in the nurseries as a damp off of need- 
lings witli blackening and rotting of the basal portions of the stem. 
In the field the black rot of the stem commences near the soil line 
and extends up the stem and down the roots. 

The disease occurs in the districts of Salem, South Arcot and 
Coimbatore. 

Of the control methods tried, burning trash on nunsery beds and 
periodical spraying of the transplanted crop were effective in con- 
trolling the disease. The Bordeaux mixture was most effcctivefy 
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applied down the stein so us to drencli the soil around it. Over- 
irrigation should be avoided. 

The organism was found to he capable of utilizing urea as a 
eource of nitrogen in culture. The fungus Tnchoderma lignorum 
disintegrates it m culture. 

ClTlUJS MADEUASPATANA. 

Water injury . — This disease is lound atfectiiig the Vadlapudi 
oranges (Citrus made rasiiul ana Tanaka), a l)itter sweet variety lu 
the Vijayavada area of Krishna district and parts of Guntur dis- 
trict. Trees in ap{)arentl\ good health and bearing heavily are tVmnd 
to will awa\ siiddeiilx within the space of a week. The leaves and 
immature fruits drop awa\ . There is a complete ring of injured 
bark at the foot of the tree. 1’ree.s with one or two patches of 
healthy bark breaking the continuity of the ring remain appar- 
ently healthy in spite of extensive injur\ on other sides. The root 
system is completeh or partially attacked and the wcxkI is stained 
black. Feeding roots are sparse and look unhealthy, ^rhe cortex 
of such roots easily sloughs oil'. 

Isolations from llie injured iKirtions \ielded Diphtdia sp., Sporo- 
cybe kybfida and Ilaphfsporelhi s[>. Ihit these are believed to be 
either seeondar\ invader'^ or at lu^i weak parasites. 

There was a popular belief that the disease was due to the 
proximity of tanneries to citrus gardens. But observations have 
revealed tlu* (‘xisteiice of the <hM*ase even m gardens miles aw’ay 
from any tanneuy. Hence lh^t^ {)o»il)ilit\ was ruled out. 

Tlie water table at Uie beginning of the rainy season was found 
to average about leH feet in the alTeeted areas. J'he trt*es are flood 
irrigated at intervals of 10 da\.s and the irrigation water comes in 
direct contact with the stem. Flooding also stifles leration in a 
clayey soil. 

After a number of trials, (he following measures were found to 
be successful : — 

(1) Changing from flood irrigation to ring irrigation. 

(Ji) Scra[)iug avva\ the diseased hark, excision of affected 
r(X)t», and protection of wounds with Bordeaux paste followed by 
a coat of sbelmac. 

(3) Digging of drainage channel across the gardens and con- 
necting them to natural drains or deep pits m a corner of the 
garden. 

(4) Itemoval of sticky soil from the base of the trees and 
replacing it with a mixture of sand, coppersulphate and lime. 

These treatments are succe.ssful only witli trees showing early 
symptoms of disease. 'riu\v do not afford permanent protection in 
an area where the water table is high during the monsoon period. 
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Citrus reticulata (Mandarin oranob). 

Leaf fall and fruit rot (Phj’tophthora palmivora). — This disease 
causes heavy damage in the orchards of Malabar (Wynaad). It is 
a disease occurring during the heavy rainfall of the south-west mon- 
soon. It first attacks the leaves and^ then spreads to the twigs and 
fruit causing heavy defoliation and the rotting and shedding of the 
fruit. The crop may be totally lost as even the few apparently 
healthy fruits that may be collected become diseased and rot during 
storage and transit. 

The results of the experiments carried out for three consecutive 
years in a heavily infested area in Wynaad showed that the disease 
could be effectively controlled by the application of one per cent 
Bordeaux mixture. Two sprayingcs, the first just before the onset 
of the monsoon ju June and the second after the onset of the mon- 
soon in August or September, were fund to give the best results in 
controlling both leaf fall and fruit rot. Of the two sprayings the 
latter spi’aying is the mure important and eesential in controlling 
infection of the fruit. 

As the available time for carrying out spraying operations during 
the monsoon period is short, it is nec'cssary to have the spraying 
operations done with the aid of efficient siirayers and preferably 
with power-driven spraying equipment m large orchards. The 
control measure was popularized among the growers and has now 
become a routine orchard practice in the area. The cost of treat- 
ment is about lls. 30 an acre. 


Ban.\na (Musa paradisiac a). 

Wilt ' or ‘ Panama disease ’ (Fusarium oxysporum var. 
cubense). — This disease occurs in the districts of Visakhapatnam, 
Godavari, Madurai, Coimbatore, Salem and Malabar. It is charao* 
terized by the yellowing, wilting and buckling of the outer leaves 
which hang pendant from the broken petiole. The topmost leaf 
withers last and the pseudostem dies. I'he leaf sheaths on the 
pseudo stem are longitudinally split. Htunting k also observed and 
new suckers arising from affected rhizomes are also affected. 

It was found that only a few varieties of banana were suscepti- 
ble to the disease, like ‘ Kasthali *, ‘ Poovan ’ and ‘ Mondan *. 

• The method of controlling the disease is to select disease-free 
suckers for planting and eradication of affected plants. Pestmotioa 
of affected rhizomes in which the fungus thrives and sporulateg if 
Important. The use of certain chemicals like ‘ Malariol ' and 
“ B liquid fuel ” for destroying rhizomes in situ and preventing 
the sporulation of the pathogen was successfully tried but the cos t 
of treatment came to Re. (K-6-6 and Re. 0-3-6 per plant respectivdy 
and it was found that it was cheaper to cut down and bury 
clomps m titu. 
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Fortimately, banana is invariably a rotational crop, occupying 
the land only for three years. The maiden crop ie usually free. 
In the first ratoon, disease incidence is almost negligible. It is only 
in the second ratoon, which is usually only a ' leaf ’ crop, that thA 
attack increases. After the second ratoon, the land is usually crop- 
ped to sugarcane and rice and the pathogen no longer finds a con> 
genial host. 

Vnis vXMitEBA (Grape Vine), (Dhraksheu, Dhraksha). 

Two important diseases seriously afilecting the vine are, (1) Downy 
mildew (Plasnwpara viticola) prevalent in the districts of Madurai, 
Coimbatore and Salem, and (2) Powdery mildew (Uncinula necator) 
prevalent in the districts of .Vnantapur, Salem, Coimbatore and 
Madurai. 

The downy mildew manifests itself by the formation of irre- 
gular “ oil spots ”, yellow at first but later turning brown on the 
upper surface of the leaves. The lower surface of these spots is 
covered by a white downy growth. In advanced stages the leaves 
wither and die. When the berries are infected at an early stage 
they remain small and become shrivelled and dry. Continued moist 
and warm conditions tavoui- the spread of the disease. The powdery 
mildew attacks all green parts. It appears as white patches on bo^ 
the surfaces of the leaves, later covering the entire leaf and epreading 
to the shoots, flowers and berries. Berries shrivel and drop off. 

Experiments have been conducted at Michielpatti in Madurai 
district which showed that the disease can be kept in check by 
{leriodical sprayings of 1 per cent Bordeaux mixture. The number 
of sprayings depends on the local weather conditions. The cost of 
spraying comes to Its. 80 per acre and spraying has become a regular 
routine operation with the growers. The grower gams at least 
Rs. 1,000 per acre by resorting to regular spraying. 

A third disease which has been recorded from Madurai, Coim- 
batore and Salem districts is anthrocnosc or ” bird’s eye ” disease 
caused by Ehinae ampehna. The disease is characterized by brown, 
black-bordei'ed sunken spots on the stem, leaves and berries. 

The vine.s should be thoroughly sprayed with one per cent Bor- 
deaux mixture soon after pruning. Further periodical applications 
of spray to the foliage and berries will be necessary. The measures 
adopted for the control of downy mildew will be able to keep this 
disease in check. 

Oasuabxsa BQOisBTiFoLiA (Chavuku. Sarvi. 

Wilt — Trichosporium vesiculosuin. — The wilt was first recorded 
in 1905 from Qanjam. Later it has been noticed to cause appreci- 
able dainap[e in the districts of Nellore, South Arcot, Tanjore and 
Tirtmelveh. The trees wither and die and in the course of a few 
months, the bark ruptures exposing masses of powdery, black 
spores. 


AJC.— 84 
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There used to be a belief that the death of the trees was due to 
either excess of water or lack of it, and not due to any pathogen. 

Expei'iments were carried out at Coimbatore on the cause of the 
disease. The fungus, Trichosporium vesiculosum was isolated from 
the spores obtained from deed trees in the Nellore area. The organ- 
ism grows luxuriantly and sporulates freely on potato-dextrose and 
oat-meal agars. 

Trees four to six ^ears of age were inoculated with the pure 
culture of the organism. The inoculum w'as placed under the 
bark and bound up with wax cloth. Suitable controls were main- 
tained. 

I’wo iiionth.s later, the seat of inoculation was observed to have 
turned brown and spores were produced in a few hssuree in the 
bark. 'Jiie trees began to wither after .six months. In the course 
of another two months, the trees were dead, with typical symptoms. 
The liark was ruptured and quantities of the spore powder were 
observed under the bark. The formation of spores was evident in 
some at the base and in others m the upper portions of the stem. 
All the SIX inoculated trees died while all the controls were healthy. 
It is evident that the wilt of Casuarma is caused by Trickosporium 
vesiculosum which le a wound parasite. Since, in nature, rupturing 
of the bark of Cusuorina is common, entry of the pathogen is 
facilitated. 

Previously, isolation of diseased patclies by trenching used to be 
recommended. However, in the liglit of the findings sliown above, 
and the profuse production of airborne spores by the pathogen, this 
recommendation may not be efifective in preventing the spread of the 
disease. 


liUBUGU (Hevea brasiltensis). 

Abnormal leaf fall t I’hytophthora palinivora). — ^In South India 
rubber is chiefly grown in the south-western region of the penmsula 
along the outer fringe of the western ghats in Malabar, Cochin and 
Travancore. Isolated plantations arc situated on the .\namalais, 
Nilgiris and Shevroys. .\a early as 1910 attention was drawn to 
the prevalence of a disease in some of the plantations resulting in the 
rotting of fmits and shedding of leaves during the monsoon. Laiger 
areas were affected later and heavier incidence of the disease has 
been recorded since then. The disease was completely investigated 
by the Mycology section between 1917 and 1922 and several experi- 
ments were carried out at Mooply valley and Mondakkayam. 

On the West Coast rubber trees normaUy shed their leaves dur- 
ing December and January. But a second and abnormal leaf fall 
occurs on infected estates during the monsoon in Jane to August. 
Some of the trees lose all their leaves and stand bare. Tim invasion 
of a fungus Phytophthora palmivora (P. meadii) has been found to 
be "ssponsible for this. Besides causing leaf fall the ftmgns causes 
fruit rot, rotting of the bark near the tapping cut and a partial die 
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back of branches. The yield of latex is reduced. The fungus 
remains in the diseased fruits sticking to the branches and in the 
tissues of branches affected by die-back. 

The first trials at controlling the disease were directed towards 
the removal of the parts of the plant where the fungus remained 
dormant during the dry eeasons. Special gangs of labourers were 
entrusted with the task of removing the old fruits and pinning 
the branches showing die-back. There was distinct improvement 
in the control of the disease as a result of these measures. Later it 
was thought advisable to protect the leaves from fresh infection in 
addition to the sanitary measures. With this object Bordeaux mix- 
ture was sprayed on the leaves before the commencement of the 
disease. The effect was very encouraging and the incidence of the 
disease was greatly reduced and the yield of latex increased. The 
remedial measures were so convincing that at the present day it »s 
being universally adopted in all well-maintained estates. Battery 
sprayers and power-operated sprayers are being used for this 
purpose. 

Potcdery }nildeir (Oidium heveae). — In recent years this disease 
has been observed in many of the estates. Powdery white growths 
develop on the leaflets. Defoliation is evident m some estates. The 
disease is caused by an obligate parasite — Oidium heveae. The 
disease is present on young and old plants. 

Like all powdery mildews this disease is amenable to sulphur 
dusting. Power dusters will be more useful and effective in carry- 
ing out this treatment as the trees are tall. 

Root disensr . — These are caused by various fungi, viz., Botryo- 
diplodia theobromce. Fames no.rius, Ustulina zonata Rosellinia sp., 
etc. Some of these are traceable to infection from rotting stumps 
of jungle trees. Location of the focus of infection and its eradi- 
cation led to the diminution of the disease. The provisipa of pover 
crops also resulted in the reduction of these diseases. 

DuFFBB {Goffea arabica and other species). 

Rust or leaf disease (Hemileia vastatrix). — This is by far the 
most important disease of coffee in South India and is prevalent in 
all the planting districts. It is most severe on C. arabica. The 
disease manifests itself in the form of brown spots, on the upper 
surface of the leaves. On the corresponding lower surface a y^ow 
or orange powdery formation is present. This is made up of the 
spores of the rust. All but the youngest of the leaves are affected 
and very often many of them are shed. 

The disease increases with the onset of the south-west moneoon 
in June and continues till November after which the incidence is 
low. The annual recurrence of the disease devitalises the bushes 
md the bearing is very much reduced. The bushes eventually fadl 
a prey to other diseases. 



1154 MfiMUlBS 01*' im DfiPAU'i'M&NT OH AOlUUUL'rURti, llAt>BAC$ 


Experimeuts were carried out at the Coffee Experiment Station, 
Sidapur, Coorg, over a number of years on the control of this 
disease. It was found that two sprats of half per cent Bordeaux 
luixture once in May before the monsoon and again in September 
gave good control of the disease. It was necessary that the lower 
surface of the leaves should be thoroughly protected. The spray 
operations resulted in increased yields of coffee. Thus the bushes 
were saved from the devastating effects of the disease and a greater 
outturn of coffee was secured. 

Another Imo of investigation wa.s directed towards the selection 
of resistittit varieties of coffee anil the determination of the factors 
influencing resistance. The rust was found to be very rai'e on 
Coffea robuata. Other cultures like “ Kents ’ arabiea " and 
“ Johnson's hybrid ’’ were also examined. The behaviour of these 
cultures was not found to be consistent. The number and distn- 
hution of stomata in the leaves of the susceptible and resisthnt 
varieties wen- determined to find out if there wae any correlation 
between resistance and tliese factors. There were indications that 
the size and number of the stomata were important factors. 

Koleroija — Black rol (I’elliculana koleroga). — This disease was 
prevalent in some of the estilte^ in Coorg and Myeore and rarely in 
other areas. A thin la}er of fungal hvphai grew over the leaves and 
twigs. The affected portions .vion turned dark brown or black. 
The leaves broke off’ from the twigs and could be seen suspended 
from them by the fungal strands. 

The disease was mon* intense under dense shade and in low 
lying portions of the estates exposed to high rainfall. The incidence 
of the disease synchronised with the commencement of the mon- 
soon. 

Experiments on the control of this disease were carried out 
over a number of seasone and it was found that spraying the plants 
with Bordeaux mixture and reducing the shade reduced the incidence 
of the disease. 

Brotrn blight ( f rlomciella cingulata) (Colletotrichuni coffea- 
rum). — This is common in South India forming roundish brown 
spots on the leaves. Twigs and berries are also affected. Die-back 
of branches may be caused. The disease was found to be amenable 
to Bordeaux mixture spray treatment. But repeated sprays were 
iiece-ssary. There were indications that the disease was more in 
areas which were not receiving adequate manuring or on bnshM 
growing in poor soil. 

Since the institution of a Scientific department by the United 
Planters’ Association of Southern India the investigation of coffee 
diseases by the Mycology section was discontinued. 

Tea (Camellia thea). 

Blisler blight (Exobasidium vexans). — This crop was fairly free 
from serious diseases till the year 1946 when widespread outbreak 
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of Blister blight caused by I^xobasidium tu^xans was recorded from 
almost all the tea estates in South India. 

The disease occurred in waves reaching peak incidence in July 
to August and October. It subsided during the dry season. Young 
leaves and shoots were vulnerable while mature leaves escaped. An 
appreciable loss in \ield was experienced. 

The Madras Pests and Diseases Act was applied for one year 
in 1947 but as the dieease had spread to all estates the enforce- 
ment was discontinued. Spra\ing the jdants with Burgundy mix- 
ture gave protection in the nurseiy l)ut in the absence of suitable 
equipment large scale spraving could not be carried out. Further it 
was not known whether the deposit of a copper fungicide on tea- 
leaves used for tea manufacture will aflect the quality of tea or 
infringe the food regulations. As a palliative the pruning dates 
were changed in order to avoid the development of tender leaves and 
shoots in June. Shade was reduced to let in more sun and lessen 
the Jiumiditx round the bushes. Search for resistant clones may 
yield a better solution. 

The forest trees in the vicinity of tea estates were examined 
to find out if an\ alternative luists were present. bJxoba^tdium was 
found on Oordonui belonging t<» the same family as tea but the 
fungus on the former host did not pass on to tea even when artifi- 
cially inoculated. No oilier alteraatiNC host has till now been 
recorded in South India. 


Diseases caused by Viruses. 

In recent }cars considerable attention is being devoted to the 
study of a group of plant diseases caused by viruses. These 
diseases are inloctiou& and are transmitted from plant to plant by 
various agencies; insects plaving a predominant part. The nature 
of the disease producing entity known as " virus ’ still remains 
unknown. Viruses arc unlike bacteria or fungi, invisible to the 
human eye even wnii the aid of the most powerful mieroscojx*, 
though in recent years the electron microscope enables a few viruses 
to be photographed. I'lie infective principle can pass through filters 
through which the mimitesi known living organism cann(»t pass 
through and still retain its infectivily. Viruses cannot be culti- 
vated outside the living cell. In some respects they behave like 
living oganisms in tliat they can multiply of their own accord in 
living tissues. Many of them are also si)ecific in their parasitism. 
In other respects thev behave like inanimate substances and a few 
viruses can be extracted and preserved in a crystalline form without 
losing their infectivity. The viruses are now regarded by a school 
of scientists as a separate group occupying a place between living 
organisms and inanimate matter. 

As the virus is not a visible organism its presence can be judged 
only by the symptoms it causes to appear on the host plant. But 
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as similar symptoms can be caused by different agencies, the pre- 
sence of virus can be confirmed only by carrying out transmissi- 
bility trials (i.e), the disease must be capable of passing on from 
diseased to healthy plant, care being taken to eliminate other 
organisms like bacteria and fungi. 

The study of the virus disease of plants in the State of Madras 
began in 1923 with the investigation of the mosaic disease of sugar- 
cane. Since then a number of diseases of different crops has been 
studied. However, owing to the special facilities which the detailed 
investigation of diseases caused by virus demands, the progress of 
work in this direction has been impeded, and as these diseases are 
of great economic importance, the systematic pursuit of the studies 
relating to them should be undertaken in tlie future and for this, 
provision of adequate facilities and specially trained staff are 
necessary. 

(1) Sugarcane mosaic . — The occurrence of this disease was 
first noticed in 1923 in the variety Red Mauritius in the cane fields 
belonging to the East India Distilleries and Sugar Factories, Nelli- 
kuppam, in the district of South Arcol. This variety which had 
done well previously was found to be rapidly deteriorating on account 
of the disease. As reports of the disastrous effects of the disease on 
cane pioduction were received from Puerto Rico, Tjousiana, Cuba 
and other cane-producing countries of the world, a study of the 
disease with special reference to ihe metliods of its control wag 
started. A [ireluriinary .survey of tlie cane area of the State revealed 
that the disease was present more or less throughout the State. But 
tile incidence was not oi such a magnitude as to affect the yield 
except in certain sjiecific varieties and there was a wide range of 
variation in the varietal susceptibility to the disease. As a first 
step towards control of the disease in the Nellikuppam area, the 
variety Red Mauritius was eliminated from cultivation and other 
tolerant and less susceptible varieties w’ere substituted. Roguing 
out of infected clumps and planting with disease-free material after 
careful selection brought the disease under control in the area. In 
connection with the investigation of sugarcane mosaic the follow* 
ing aspects were studied : — 

(i) Varietal resistance, — F’Vld experiments were laid out to 
evaluate the relative resistance of varieties of cane and were con- 
tinued up to the year 1948. During this period about 160 varieties 
which included all the varieties grown in this State, together with 
the new varieties released from time to time by the Imperial Sugar- 
cane Expert were tested. A wide range of varietal susceptibility 
was noticed. A few varieties like Kassoer, CO 214, CO 244. POJ 
2878, POJ 100, Uha SH 38 and Uha SH 281 were found to be 
consistently highly resistant. CO 213, Red Maurithis and other 
Mauritius canes Vellai^ Poonan, the Barbados varieties B 2412 , 
B 208, Pattapati Java Hehbal and CO 419 were found to be highly 
susceptible. The degree of susceptibility of other varieties like 
Fiji B, Fiji C, CO 421, POJ 2714, etc., was found to be 
mediate between these two extremes. 
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(ii) Loss due to the disease, — Field experiments carried out 
for a period of three years with tlie variety CO 213 showed that 
(1) there is an appreciable loss m tonnage, (2) that the sugar con- 
tent and purity of the juice are affected and (3) that the adverse 
effect of the disease js cumulative, i.e., by planting diseased setts 
year after year, the loss is increased. The experiments lelating to 
this aspect were carried out at the Agricultural Kese^rch Station, 
Talipararnha , as t hanc es )f seciaidary inh'ction \itiating the experi- 
ment were found to be negligible in that locality. 

(iii) Experiments earned out at Coiinliatore .showed that the 
disease is not transmitted through the true seed. 

(iv) Ofhrt hosts of fhe Virus. — Sorghum, Maize (Zea mays) 
and the grass Echiuochloa colonu were found to be hosts of sugar- 
cane mo.saic in South India. 

(v) Methods of control in the field. — Systematic roguing 
out of diseased plant.^ and planting liealthy material were found to 
be effective in the Sugarcane Breeding Station and the Central 
farm w(*t land at Coimbatore. 

(2) Tobacco virus diseases. — The following virus diseases of 
tobacco have been recorded m South India (B Mosaic, (2) Leaf 
curl and (3) Rin^ spot. Among these the Mosaic disease is by far 
the most important. Investigation show’ed that different viruses 
are causing mosaic symptoms, including the destructive Nicotiana 
virus and the comparatively innocuous cucumber mosaic virus 
{Cueumis virus 1) which does not affect the >ield or (|uality of the 
leaf of tobacco to any appreciable extent. 

(kinlrol measures for the mosaic disease would appear to be 
the eradication of di<t*ased plant.s and paying careful attention at 
the time of suekering and topjung to avoid contamination of healthy 
plants and the u.se of clean seed free from debris. 

At (luntur, studies on varietal resistance in respect of mosaic 
showed that among the 19 varieties tried all were stusceptible 

The other two virus diseases of tobacco, viz.. Leaf curl (Niro- 
Uanu virus 10) and Ring spot (\icotiana virus 12) are reported 
to be of great economic importance elsewhere, but in Soutl. India 
their incidence is negligible. 

(8) Potato diseases. — A number of virus diseases of potato 
have been noticed to oevur on the Nilgiris, and there is reason to 
believe that the steady deterioration in production in the hills may 
be partly due to the prevalence of virus diseases. The diseases 
recorded are Mosaic, Leaf roll (Solanum virus 14), Aucuba mosaic 
(Solatium virus 9), crinkle (Solarium viruses 1 and 3). As there 
are a number of .strains of potato mosaic, each different from the 
other in its effect on the crop, a detailed investigation of this aspect 
is necessary and has to be undertaken in the future. It would also 
appear to be neoessarv’ to institute a system of seed certification 
for ensuring that healthv seed is planted. For want of facilities 
and lack of staff the work has not yet been undertaken on n syste- 
matic and organized scale. 
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(4) Brinjul — Little leaf — Datura virus 3 . — A widespread virus 
disease of brinjal was investigated in detail. The disease was 
found to be transmissible by grafting and with the aid of an insect 
vector a jassid Eutettix phycitis. The disease was found to be 
transmissible to a wide range of solanaceous hosts and among these 
Datura fastuosa, would appear to be responsible for harbouring the 
virus in the cultivated belds during the off season. 

Eoguing out diseased plants and keeping the fields free from 
solanaceous weeds were effective in checking the disease. 

(5) Cotton stenosis . — A disease of the cotton plant characte- 
rized b}' reduction in the size of leaves, stunting of the plant, 
phyllody, and sterility was found to be responsible for considerable 
amount of damage in the “ Mungari " cotton grown in the Ceded 
districts tract of the State. On investigation, the disease was 
found to be due to a virus and it was e-stablished that the disease 
was not transmissible by sap inoculation but only through grafting. 

\'arietat resistance experiments showed that all indigenous 
varieties are susceptible to a greater or lesser degree but exotic 
types like Cambodia are immune. The incidence of the disease 
is greater during “ Mungari ” season than in the “ Hingari ” 
season on the same types. 

The preliminary investigation of the disease was carried out 
by the Mycology section of the Agricnlttiral College and Kesearch 
Institute, Coimbatore, in the years 1940-1'.)42, but at the instance 
of the Indian Central Cotton Committee, further investigation of 
the disease was earned out under a special scheme at Poona. A 
jassid has been found to be the vector of the disease. Roguing out 
diseased plants in the very early stages of the crop is helpful in 
checking the disease. 

(6) Bendai (Hibist-us esculentus (Mosaic). — The disease has 
been recorded from all over the State. It is transmitted by the 
white fly “Beraisia tabaci ”, The investigation of the disease is 
being carried out at Poona under a special scheme. Control 
measures would appear to consist in roguing out diseasefl plants 
and the use of insecticides and insect repellents to minimise 
chances of the spread of infection. 

(7) Papaya (Carica papaya) (Leaf curt). — A virus disease of 
the papaya plant has been investigated and was found to be trans- 
missible by grafting. The disease, however, is of no economic 
importance in South India. 

(8) Tomato diseases. — Mosaic, leaf-curl and crinkle diseases 
of the tomato have been observed to occur in the Btate. 

(9) Cardamom mosaic. — The mosaic disease of cardamom 
appears to have been prevalent for over four decades but it waa 
only in 1983 that the disease was definitely known to be of viroa 
origin. This disease has been responsible for the progressive deterio- 
ration of the cardamom plantations in the Anamalais and Palni 
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hills and by the year 1939 most of the plantatjons had to be aban- 
doned as unremunerative. The disease is characterized by mottling 
of leaves and reduction in the size of plants. The yield is adversely 
affected. Investigation of the disease showed that the disease was 
not sap transmissible. Transmission experiments carried out at 
Valparai with thrips (Taeniothrips cardamomi) gave negative 
results. Subsequent transiuission exjKTiments carried out at Poona 
showed that .the vector is an aphid “ Pentalonia nigronervosa 

The disease js perpetuated by planting rhizoineK from diseased 
plants and as a ineasun* ol control, planting of rliizoines from 
healthy plants was recommended. The discast* is not carried 
through true seed and raising nurseries from true seed would also 
appear to he helpful in keeping the disease away from new planta- 
tions. Under the special scheme foi seientific aid to the cardomom 
industry in South India, varietal resistance experiments are in 
progress. Involution of disease resistant types I*’ being attempted 
by selection and hybridization. 

Deficiency diskase.s. 

The soil IS being continuous!} depleted ol its mineral plant 
nutrients In jilants. Though part ol these may l)o returned to it 
by the decay of plant parts left behind, a major part is lost. 
Manuring is resorted to in order to replenish the loss. Tt is now 
known that besides the major elements essential for plant growth 
and wliich form the bulk of the body ol the plant, certain other 
elements are also re(ju»red m extremely small quantities. For this 
reason they are known as irunor eh iaents or ‘ trace elements \ or 
* micro-nutrients \ The absence of these elements leads to tlie 
development of pathological symptoms and has been the subject of 
considerable study. 

(1) Borov deficAevey of cerfalv vegetables, — During the w^ar, 
vegetables wtue grown on a large scale on the Nilgiris for being 
supplied lo the army. Turnips (Brassira campestris), Btet ro»^t 
(Beta vulgaris) and Cauliflower (Brassira oleracea var, botryfis), 
whicli were inifKirtant vegetables grown over extensive areas were 
found to develop certain pathological symptoms. 

The core of the tuber of turnips was soft and presented a 
iliscoloured water soaked appearance instead of being w’hite and 
hard as in normal turnips. In the case of the beet, the heart was 
often found rotten and blackimed and the young leaves at the top 
were also affected. Cauliflowers in certain places failed to develop 
the normal creamy ‘curd but had flowers of varying shades of 
brown. Pathogenic organisms were not observed to be associated 
with these conditions. All the symptoms jwinted to the p(^«?sibility 
of their being caused by a deficiency of boron in the soil. Field 
experiments were conducted for over two seasons on the control 
of the water core of turnips. Boron was applied to the soil in the 
form of boric acid prior to sowing at the rate of 5, 10, 15 and 
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20 lb. per acre. Spray inoculation of a 0’2 per cent aqueous 
itolutioD of boric acid on the foliage of the seedlings was also 
included as one of the treatments. An examination of the tubers 
from the various plots showed that all the treated plots had little 
or no symptoms of disease and that spray application was as effec- 
tive as ajjplication to the soil. Based on these experiments the 
application of boric acid to the soil at the rate of 5 lb. per acre, 
where the deficieticv has been noticed, is beinj* lecoiii mended on the 
Nilgiris. 

Boron deficiency also atfects the growth of many other crops. 
It should be remembered, however, th.it exce.ss of boron is toxic 
to plants and this must be borne in tnind in recommending the 
dosage of the element for application. 

(2) Foliocellosis or Mottle leaf of citrus . — Zinc is another 
micro-nutrient, the deficiency of which is evident in many orange, 
orchards of Citru.t sineiu<tis all over the State. The growth of the 
tree is arrested. The leaves develop characteristic yellow blotches 
between the veins. There is a progressive reduction in leaf size, 
few fruits are produced, and in course of time the tree deteriorates 
and falls a prey to various pathogens. 

The initial experiments were carried out at Panyam (Kumool 
district) and Kodur (Ouddapah district). 

Six sprav treatments and two soil treatments were tried in 
jthese places, f The following chemicals were used in the spray 
Itreatments, viz., zinc sulphate, magnesium sulphate, ferrous 
jsulphate, manganese sulphate, copper sulphate and a combination 
•of all these c.hemicals.'ii The chemicals were dissolved in water to 
fobtain a one per cent solution, neutralized with lime and sprayed 
on the foliage. Tn the case of the soil treatments, zinc sulphate 
*and magnesium sulphate were applied. They were applied to holes 
nine inches deep all round the tree and covered, or broadcast on 
'the soil round the tree and forked in. 

It was observed that there was no response to the soil treat- 
ments. Among the spray treatments zinc sulphate and combination 
spray resulted in the recovery of the trees, indicating thereby that 
zinc i.s the element in deficit. It was also observed that the recovery 
was not permanent. It was found that zinc sulphate-lime mixture 
of the formula of 5 — 25 — 100 was best for trees showing the initial 
.stages of the deficiency symptoms and ? mixture of the formula of 
10 — 5 — 100 yielded good results in'the case of trees having .severe 
and chronic symptoms. 

It was found that it is best to spray when the trees are in 
flush. It is better not to spray when the trees are in flower. But 
experience in the State has shown that there is no harm if trees 
with fruits are sprayed provided the mixture is properly neutra- 
lized. Two spray applications are necessary and can be carried 
out during the period of flush in each locality. In addition to the 
spray, applications of large quantities of farmyard manure is alto 
beneflciaL 
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Wide publicity has been given to these results and five tons 
of zinc sulphate were distributed to orange growers in 1947 and 
larger quantities are being used at present. 

(3) Deficiency of copper in citrus. — Citrus sinensis in the 
Circars commonly suffers from ‘‘ E>ranthema ” a kind of “ die 
back due to the deficiency of copper in the soil. In the initial 
stages the young branches are frequently angulai* and ‘ S ’ shaped 
with multiple buds instead of being cylindrical and liaving one 
bud as in normal plants. In acute cases the branches die back 
and gum pockets de\e!op at the leaf bases. The branches may be 
covered with gummy ex< re? 9 cences. Defoliation takes place. The 
rind of tlie fruit may also exhibit hard brown excrescences. 

It was found that spraying the trees with Bordeaux mixture 
resulted in marked res|H>nse and the symptoms disappeared. Thus 
Bordeaux mixture which is usually .sjirayed as a fungicide can also 
make good a dt^ficicncy of copper. Copper applied to the soil 
resulted in good response. It was apjdicd in the form of copper 
sulphate at half to two pounds per tree either alone or mixed with 
other fertilizers. 

It is a common ex{)enence in many orange gardens that by 
spraying Bordeaux mixture, the production ha^^ increased even in 
the absence of fungal diseases. 

(D Dtrhnc of the Miunlarni Orange — Cttrus reticulata. — A 
decline of <jrange frees has been noticed for some year^ in tin* Mib- 
montane tracts of ihc She\aro}s (Salem district), Kotagiri (The 
Nilgiris), Wynaad and ( oorg. At Kukal (XilgiriO and the Sheva- 
roys the symptoms <’ousist of mottling and chlorosis followed by 
gradual defoliation. Experiments were conducted at Yercaud m the 
Shevaroys to see tlie (db'ct of spray iinr the tohage w ith zinc sul- 
pliate, iron sulphate and manganese sulphate individually and in 
combination. There w^as l»ttle resjxjnse. Roil applications also did 
not result in improvement. 

The soil from the base of affected trees in the Kotagiri area was 
analysed and found to be deficient in phosphorous. How^ever, ade- 
quate response was not obtained from the application of phosphatic 
manures alone. 

It is known that the analysis of the soil for diagnosis of the 
deficiencies of trace elements has not vet been developed sufficiently, 
and cannot be wbollv relied upon. Visual syunptoms of mineral 
deficiencies exhibited by plants especially the orange, sometimes 
overlap and it is often difficult to say what particular element is 
wanting. There are two ways of tackling the problem. One is to 
grow indicator plants and the second is plant analysis. The latter 
is a quicker and reliable method and gives a correct picture of the 
nutritional status of the plants. The analysis of the plant material 
can be carried out either by the usual laboratory method or by the 
spectrographic method. 



1162 MBMOIBS OF THE DEPAETMENT OF AGBICUI/TUEE, MADRAS 


With the co-operation of Dr. Fatwardhan, Director of the 
Nutrition Besearch Laboratory, Coonoor, and Dr. De, Assistant 
Chemist, representative leaf sampley from an estate in the Kotagiri 
area were spectrographically analysed. Comparative readings for 
healthy trees were also taken. Several such analyses revealed that 
the leaves of diseased trees were deficient in several elements. Zinc 
was absent in all cases. Deficiencies also of phosphorus, manga- 
nese, magnesium and boron were found. There was no difference 
between healthy and diseased leaves in respect of calcium and 
iron. 

'I’liere is agreement between soil and leaf analysis w'ith regard 
to the deficiency of phosphorus. But the deficiencies of trace 
elements like manganese, magnesium, boron and zinc could not be 
made out in soil analysis. There is, however, the possibility that 
these minerals, though present in the soil, are not in a form avail- 
able ’0 the plant. Citrus trees grow' well at a soil reaction of 
pH 7, but often nutrient substances in the soil do not become avail- 
able at this reaction. The soil at Kodaneri Estate (Kotagiri area) 
was found to have a reaction of pH 7. Moreover, lack of boron is 
known to inhibit the absorption of phosphorus from the soil. 

Work is in progress to try the effect of spraying combination 
mixtures of the elements in deficit on the foliage. 

r)lSE\8E.S DDE TO PHYSIOLOGICAL CAUSES. 

These are diseases for which no pathogen is responsible and 
which are not due to malnutrition. They are due to the upsetting 
of the normal metabolism of the plant on account of unfavourable 
physical factors of the environment. An account is given below of 
the investigations made into the “ Black-heart ” of potato, a 
physiological disease. 

The Black-heart of potato . — This is a condition seen in stored 
tubers. Affected tnl)er8 when cut open are seen to have a brown 
or black colour in the interior. The discolouration commences at 
the centre and progresses towards the periphery' either as a star-like 
radiation or as a mere uniform advance. The disease is caused by 
an insufficient supply of oxygen to the tuber, combined with high 
temperatures. 

There are few recoi-ds of the occnrrence of “ black heart ” on the 
Nilgiris. A consignment sent from Mettupalayam to Recundera- 
bad by rail was reported to have developed the disease at its 
destination. Tn November 1941, Messrs. Parry & Co., Ltd., sent 
samples of processed potatoes showing a black discolouration. On 
examinatioTK they proved to have been affected with black-heart. 

Black-heart was produced experimentally on healthy potatoes 
kept in an incubaior at A consignment from Banip^ d«ye- 

loped black-heart in one day while Ootacamund samples took two 
days. Tt was observed that typical black-heart symptoms gradnan^ 
developed in the course of five days. 
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Experiments simulating factory practice weic conducted to see 
whether tlie development of black colour could be prevented in the 
early stages of black-heart by throwing tlie cut slices directly into 
water and balancing them immediately on removal from water. It 
was found that the colour developed m the drying process. 

The investigation showed that “ black-heart ” developed m 
potatoes stoied m ill- ventilated godowns and exposed to high tempe- 
rature during transit and the disease could be avoided if the godowns 
and transport wagons were properly ventilated. 

Chemicala used tn plant protection. — Various chemicals are used 
in protecting crops against diseases. 'I'he} are applied either in the 
form of a spray, steep or in the form of a dust so that the vulnerable 
surfaces of the host are covered or the spores on the surface are 
killed. A good fungicide should b(‘ toxic to the parasite or inhibit 
the germination of its spores, without being injurious to the crop 
plant It should be reasonably easy to prepare, safe to handle and 
cheap enough to be of use. It should be capable of even distribu- 
tion when applied through spravers or dusters on the surfaces to be 
cijvcred. It should not run otf too freely. It should adhere well to 
the surface. An ae(*.ount of the more common fungicides m use in 
the Htate is given below. 

Some useful recipes — Bordeaux nu.r/wrr. --Since its discovery 
and use by Millardet in 1682-1896, Bordeaux mixture has been the 
leading fungicide for control of diseases alTeelnig grapes, fruit 
trees, jxitatoes and many otlier crops. The various strengtlis used 
are expressed by formula. For example 5 — 5 — 50 consists of 5 lb. of 
copiKU* sulphate plus 5 lb. of <|uiek lime (unslaked) m 50 gallons 
of water. An important function of the lime is to hold the copper 
in a form not harmful to ihc crop but toxic to parasitic fungi. 

• Bordeaux inixture — one per cent — 

Copfier sulphate One pound. 

Quick lime One pound. 

Water Ten gallons (100 lb.) 

Preparation. — Dihsolve the copper sulphate in the gallons of 
water in a wooden, earthenware or copper vessel. It is better that 
the copper sulphate is tied up in a piece of gunny and suspended 
just below the surface of water as it gets dissolved quicker that way. 
Slake the quick lime in another vessel by sprinkling some water 
over it and add more water till a creamy paste is formed. Add the 
remaining water to the lime to make up five gallons, stir well and 
strain the milk of lime. The copper sulphate solution is then poured 
into the lime water, stirring the mixture well all the time. 

Observation . — ^Bordeaux mixture deteriorates on keeping and so 
care should be taken to prepare only the quantity required for imme* 
diate use. It sometimes happens that unforeseen rains upset a 
day's spraying programme and a portion of the mixture prepared 
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has to be left over for the next day. The mixture left overnight 
can be preserved by the addition of sugar or jaggery to it at the 
rate of j pound per 50 gallons of mixture. 

II. Lime Sulphur — Formula — 

Sulphur powder 10 pounds. 

Lime ... 5 pounds. 

Water 10 gallons. 

Preparation. — Place enough water in the cooking vessel which 
may be of iron but not copper and add the lime. When the lime 
solution begins to boil add the sulphur little by little and keep 
stirring. Boil the mixture for about an hour over a gentle fire 
taking care to keep the level constant by adding more water till it 
assumes a chocolate colour. 'Strain oft' the sediment through a piece 
of coarse gunny. This is the sUK'k solution which should be diltited 
with water foi use. 

Dilution. — Dilution of the stock solution is necessary before use. 
This depends on the [Kilvsulphide content. With home-made lime 
sulphur for spraying the freshly jinined stiun or dormant trees, 
dilute the stock solution with 15 times the (piantity of water and 
for foliage spraying with parts of water. 

KB. — Th« mixture should never be overboiled or idlowed to become green* 
Stock solut on may be preserved in air tight containers, a thin layer of kerosene oil 
on the top will preserve it from the action of air. 

III. Zinc Sulphate lime mixture (10-5-100) — • 

Zinc Sulphate 1 pound, 

Quick lime | pound. 

Water 10 gallons. 

Preparation. — Dissolve the zinc sulphate in five gallons ot 
water, slake the lime by sprinkling water over it and when slaked, 
add enough water and stir well (o make a thin paste and then 
make up the lime solution to five gallons with the remaining water 
and strain. Now, mix the zinc sulphate .solution and the lime 
solution and stir vigorously. 

This is not a fungicide. The mixture is effective against 
mottle leaf or foliocellosis of Citrus caused by zinc deficiency. 

IV. Bordeaux paste — Preparation. — Dissolve IJ lb. of copper 
sulphate in one gallon of water. Slake three pounds of <|uick lime 
and add one gallon of water and strain the milk of lime. Mix in 
equal parts. 

This contains the same ingredients as Bordeaux mixture but 
water just sufficient to produce a thick paste. The paste may be 
painted with brush over wounds and cut surfaces of trees. 

V. Dry drressing of seed grains . — ^The dual purpose of seed 
disinfection is to kill the disease inocolum on the surface seed 
and, to rq>el disease organisms in the soil around the seed. 
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Disinfectaut chemicals are applied to seed in various ways. 
The older dip method is used for potatoes, ginger and for vege- 
tables and flower seed. The seed is mimersed in the chemical 
solution such as formaldehyde, mercuric chloride and copper 
sulphate solution of specified strength for a fixed [leriod and then 
removed and dried. 

The dusts are applied to small quantities of seed hv shaking the 
seeds and dust for 10 to 15 minutes in a tin oi other receptacle 
with an air tight lid. For larger (juantities a simple home made 
seed dressing drum of convenient size can be made from an empty 
four gallon oil drum, three feet of J inch iron piping, a small plank 
(baffle board) and two small hinges and a hasp. The machine 
may be mounted on a wooden stand or supported on two upright 
posts planted in the ground and provided with groo\es on the top 
to hold the machine in position. 

The following are some of the advantagcb of drv dressing, (i) 
that it can be applied dr} , (ii) the treatment can be done at any 
time, (lii) the treated seeds can be stored for several months with- 
out fear of recontarnination as the seeds are well covered over 
with the fungicides. 

(D Hulphur treuLmenL afiainsi rjrnvi suiui (Sphacelotheca 
sorghi) of cholam (Sorghum). — The sulphur should be ver\ fine and 
should be thoroughly mixed w’lth the seed so that each gram get?> 
a uniform covering of the powder. 

Kate ; One ounce of sulphur for 15 lb. of sorghum seed. 

(2) Agrosan GS or Ceresan, — Against '^eed borne diseases of 
rice like ‘ Foot rot ’ {Fusartum montliforme) and * Helramthos- 
poriose 

Bate : One ounce for 30 lb. of seed. 

N.B. — Agrosan ON und Ceresan are organo lueroury compounds and are 
daedly poisons and so care should be taken to see that any surplus of treated 
grains is not used for human consumption or for feeding oattJe. 

Sprayers - — The spray fluid is best applied in tlie form of a fine 
unif orm mist and for this reason it is applied with the aid of 
sprayers. Several types and designs of spiayers are in the market 
and it is often difficult for the ryot to select one which is most 
suited for his requirements. 

The following points have to be considered in the choice of a 
sprayer; efficiency, cost, convenience in handling, simplicity in 
construction, durability, facilities for repairs and availabihty of 
Efpare parts. Sprayers range from the small hand atomiser, 
stirrup pump, knapsack type, barrel type to jxiwer sprayers. In 
our country the use of power driven sprayers has hitherto been 
limited to big estates and orchards where special crops are grown. 
Under the plant protection scheme, {»wer sprayers are now kept 
at the district headquarters and supplied to the cultivators free of 
hire. They are charged only the actual cost of working and 
growers are now taking advantage of these facilitira. 
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2'he Pests and Diseases Act. — Madras was the first State in 
India where control of plant diseases was sought to be effected 
with the aid of legislative enactments. The Pests and Diseasea 
Act was put on the statute book in the year lUlU. It is a compre- 
hensive piece of legislation and enables the State Government to 
declare any pest, plant disease or noxious weed in a notified area 
to come under its purview and to take such measures as are deemed 
necessary for their effective coutroi. The Act has been specially 
helpful in combating plant diseases which involve the removal and 
ei'adicatiou of diseased plants which act as sources of infection 
and help in the spread of the disease. The provisions of the Act 
have been enforced in resjiect of various diseases from time to time 
and a short account of its working in resp^t of these diseases is 
given hereunder ; — 

(1) Bvd rot of palms. — A disease of the palmyra (Borassus 
ftabellifer), a tree of great economic importance in the Godavari 
delta was brought to the notice of the Government as early as liho 
year 1904 as being responsible for the death of a large number of 
trees in the Godavari district. The disease was investigated by 
E. J. Butler then Imperial Mycologist in the Pusa Ilesearch 
Institute who found that the disease was caused by a fungus 
Phytophthora palmivora. 

He found that in the majority of cases a tree once affected 
could not be saved and suggested as a means of combating the 
disease, the eradication of diseased palms wliich acted as somces 
of infection. His suggestions regarding control measures were 
accepted by the Government of Madras and a campaign was 
organised in 1906 and a special staff' was appointed to carry out the 
measures in the infected areas. The stall' did good work and a 
large number of diseased trees were operated upon and the infec-ted 
crowns burnt. As the Pest Act had not yet been introduced the 
work was carried out chiefly through the tact and persuasiveness of 
tile special staff. Inasmuch as the coutroi measures were res- 
trict^ to dead trees or inwardly infected plants no opposition was 
encountered from the cultivators who co-oporated with the staff 
willingly. Subsequent investigation proved, however, that even 
apparently healthy trees and trees showing outward infection had 
also to be operated upon. This met with opposition from the 
owners and after experience of over fifteen years in the budrot 
campaign, the Pest and Diseases Act which was passed in 1919 
was brought into force in respect of the palm disease in 1920. A 
special .staff of the Revenue Department with an ofificer of the rank 
of a Deputy Collector was put in charge of the operations. The 
districts of East and West Godavari, parts of Guntur and ’Kriahna 
districts were areas notified under the Act. A concentrated ous* 
paugn was carried out with the aid of the Act and by 1980 the 
number of freshly infected trees was brought down to a 
minimum and it was felt that the special campaign may ha 
suspended. 
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The results of the campaign were, according to all reports, 
beneficial. The bulk of the iniecied trees were detected and 
operated upon and the number of new infections was gradually 
r^uced. 

The suspension of the campaign in 1U3<J, however, proved to 
be based on a too optimistic assumption that the diseases had been 
brought under control, for in the succeeding year the disease 
gained the upper hand and in 1933 the recrudescence of the disease 
on an alarming scale necessitated the re-cnforceinent of the Pest 
Act and the organisation of the special staff once again. The 
special staff now appointed was, however, on a reduced scale in 
specified areas in the districts of East and West Godavari, Krishna 
and Guntur where the disease was rampant and the work has been 
carried on continuously ever since. 

The recrudescence of the disease in the Circars after the 
suspension of the bud-rot campaign in 1930 emphasizes the need 
for continuous vigilance in the matter c^f the control of the bud-rot 
disease of palms in the northern districts. 

In Malabar where the same disease on both the palmyra and 
coconut palm (Cocos nuetjera) was noticed, action was taken in the 
year 1933 and the Pest Act has been in continuous operation ever 
since in some of the taluks of the distr:ct. Jiecently the Act has 
been extended to the entire South Malabar. As the area involved 
was comparatively smaller than in the Godavari Delta and the 
progress of the disease was not so rapid the special staff employed 
tor the campaign was limned to two or three Eevenue Inspectors 
and a technical subordinate belonging to the Agricultural Depart- 
ment. 

In the earlier years of the campaign, owing to the inexperi- 
ence of the revenue staff in this kind of work and the apathy of 
the owners who did not attach the same value to the palmyra palm, 
as their compeers in the Godavari delta did, progress was slow, 
and the proportion of the number of trees detected and operated 
upon by the Be venue Staff to the number actually diseased was low. 
But the economic importance of the disease in relation not only to 
the palmyra palm but also to the coconut palm was brought home 
to the revenue officials and the agricultural department took an 
active part in furthering the campaign. As a result of this con- 
certed effort, there was gradual improvement in the quantity and 
quality of the work carried out by the special staff and the village 
In recent years almost the entire area has been covered 
and most of the diseased trees have been operated upon. The 
number of fresh infections has been considerably reduced year by 
year and it can be confidently stated that the disease is being kepit 
under ocmtrol. 

The failure in the working of the Pest Act in respect of the 
bud^rot of palms in one or two instances had been found to be due 
ie Ihe slai^ess of the revenue subordinates entrusted with the 
and wherever this was rectified rapid improvement followed. 

AJif«~85 
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There is no doubt that the measures recommended by the original 
investigators have proved to be very successful in keeping down 
the disease and helped to save the palmyra industry from destruc- 
tion in this State. 

(2) Sugarcane smut . — The provisions of the Pests and 
Diseases Act have been applied in respect of the smut disease of 
sugarcane caused by Ustilago scitaminea in the Hospet taluk of 
Bellary district, from the year 1944. The disease has also been 
noticed to cause considerable damage in South Arcot and Chittoor 
districts. Though the disease has been prevalent in these areas 
for a long time, it is only recently that it has assumed dangerous 
proportions. The reasons for the increased importance of this 
disease are (1) the rapid increase in the area grown under sugar- 
cane consequent on the establishment of sugar factories and (2) the 
practice of growing ratoons necessitated by economic considera- 
tions. 

The disease is perpetuated by planting setts from diseased 
plants and spreads in the held from diseased to healthy plants 
by means of air-borne spores. Diseased plants in the held act as 
source of infection and prompt removal and destruction of such 
plants help in checking the spread of the disease. The Pest Act 
is enforced to have these measures carried out by the cultivators. 

Though the experience in the working of the Act in respect 
of sugarcane smut is limited to a short period in a restricted area 
as compared to the working of the Act in respect of the bud rot 
of palms, the reports from the area show that the campaign has 
given benehcial results. 

The difficulties of enforcing the provisions of the Act were 
found, in practice, to be considerably greater in respect of sugarcane 
smut than in respect of palmyra bud rot. Sugarcane fields lie 
scattered in the Hospet area and the location of infected plants 
involves careful search within the sugarcane field and their removal 
and destruction according to the prescribed methods (described 
elsewhere) could be carried out only with the active co-operation of 
the cultivators themselves. In the case of bud rot there had been 
15 years of active campaign and propaganda relating to the disease 
in the Godavari and Krishna districts before the Pest Act was 
introduced and the ryots themselves were to a large extent co- 
operative and the penal provisions were seldom requisitioned for 
enforcing the Act. But in the case of sugarcane smut the enftnoe- 
ment of the Pest Act was a new experience both to the staff and 
jko the cultivators. Notwithstanding these difficulties, some .pro- 
gress was made and the enforcement of the Act had its eduoativa 
value in making the cultivators take a more active intwest in tile 
disease and inducing them to adopt measures for its control whl^ 
would not have been possible otherwise. 

(8) Broom rape on Tobacco (Orobanebe cemua). — Orobanohe 
is a harmful phanerogamic (flowering plant) parasite of tobacco- 
The rapid development of the Virginia tobacco industry in leocill 
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years in the Guntur, Krishna and parts of Godavari districts led to 
an enormous increase in the area grown to tobacco year after year 
without any rotation of crops to check the multiplication of the 
parasite. The result was that parasite gained the upper hand and 
became a serious menace to the crop. 

With a view to bring the parasite under control the provisions 
of the Pest Act were enforced m the districts oJ Guntur, Iviishna 
and Godavari during the years 1U41 to 1949. In order to effectively 
carry out the provisions of the Act in respect of this parasite a 
special staff under the control of a special District Agricultural 
Officer was employed for three years and the work was mamiy 
carried out by them from 1944 to 1947. 

The special staff covered all the important areas in the 
districts mentioned above, and with the co-operation of the revenue 
department enforced the provisions of the Act in compelling the 
cultivators to take measures for the eradication of the parasite. 
The measures consisted of periodical removal of the parasites as 
they appeared and burying them in pits sufficiently deep to prevent 
their further spread. 

Though complete eradication of the parasite was not possible 
owing to the extensive area involved, the enforcement of the Act 
was beneficial in keeping the parasite in check to a great extent 
and in educating the cultivators in regard to the control measures 
against the parasite. 

(4) Wheat rusia. — The Pest Act is in force in respect of these 
diseases throughout the State. The enforcement of the Act in 
respect of the rust disease of wheat was first done at the instance 
of the Indian Council of Agricultural Kesearch m the years 1943-45 
as an experimental measure to test the hypothesis of Dr. Mehta 
that the hills in South India act as reservoirs of inoculum for the 
rust diseases of wheat in the plains, especially the black rust 
(Puednia graminis tritici) which is by far the most destructive. 
Dr. Mehta^s hypothesis was based on his observations that in India, 
(1) Barberry (Berberis vulgaris) the alternate host of the rust 
fungus is not a factor in the dissemination of the disease as m 
other countries, (2) there is a longer interval between two succes- 
sive crops of wheat in the plains during which summer intervenes 
when the temperatures in the plains of India are too high for the 
urediospores of tlie rust fungus to survive, and hence the possi- 
bility does not exist of the rust passing on directly from one crop to 
the succeeding one, and (3) in the hills of South India wheat is 
^wn continuously throughout the year and consequently the initial 
inoculum for the spread of the disease should originate in the 
hills and get distributed by wind to, the plains. 

He, therefore, surmised that the prohibition of cultivation of 
&e summer crop in the Nilgiris will break the continuity of the 
life-cycle of the fungus and result in considerably reducing the 
mocultim potential. And the enforcement of the Pest Act was 
directed towards this end. After a period of two years the Indian 
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Council of Agricultural Besearch abruptly terminated the scheme. 
During the year 1947 the question was re-opened and the provi* 
sions of the Act were once again enforced at the insttmce of the 
Central Govenunent to cover the entire State. 

It has been noticed, however, that the species of wheat nor- 
mally grown on the hills of South India (Triticum dicoccum) is 
practically free from black rust and there is very little evidence to 
support the theory that it is chiefly responsible for the spread of 
the black rust disease. It has also been observed that there are a 
number of grasses on the Nilgiris which are recorded hosts of the 
fungus. Though the wheat crops on the hills were practically free 
from black rust, incidence of rust was noticed in the districts of 
Coimbatore and Bellary in the plains during the month of Decem- 
ber by the officers deputed by the Directorate of Plant Protection to 
survey the disease in the year 1948. It would appear therefore 
that the hypothesis of Dr. Mehta is of doubtful validity and the 
prohibition of the summer crop would be of no help in so far as 
the black rust disease is concerned. It is a moot point whether 
this prohibition is to be continued to the detriment of a valuable 
food crop grown in the hills during the summer. 

(6) Cardamom mosaic . — The Pest Act was first applied in 
respect of this disease in the year 1939 and has been in force ever 
since. The mosaic disease of cardamom is prevalent, all over the 
cardamom growing region in the South, but in one or two isolated 
areas like the Nelliampathis in Malabar, the disease has not yet 
been noticed. The application of the Pest .\ct in respect of this 
disease is diiected towards the prevention of the transport of 
diseased planting material from the infected areas in the Anama- 
lais to the Nelliampathy area. As the planters themselves take 
steps to see that infected material is not transported from one 
place to another the enforcement of the Act in the restricted area 
has not been difficult and the notification has been helpful in 
Tnalrin g the entire planting community aware of the need for such 
precautions. 

Conclusion . — ^From the experience gained in the State in wolk* 
ing the Pest Act, it can be stated that where the scientific basis <A 
the suggested measures is sound and the enforcement is done in a 
methoffical and systematic manner, beneficial results have bean 
achieved. 
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CHAPTER 24. 

NUTRITION. 

Animal nutrition— Production value of feeds— Digestibility co- 
efficients— Requirements of protein for different conditions and fixing 
up of rations— Nitrogen, carbon and mineral balance experiments— 
Feeding standards— Protein metabolism and muscular work— 
Mineral metabolism studies on lactating cows and growing calves — 
Pairture survey of Madras— Mineral composition of pasture grasses — 
Fluorosis, its causes, symptoms and ameliorative measures — Poultry 
nutrition— Wool production in sheep— Nutritive value of crops as 
affected by manuring — Use of small animals for nutritional studies — 
UtUlsatlon of molasses— Silage investigations— Protein reduction and 
carbohydrate increase in diet— Improving palatability of coarse 
strains— Treacle as a diet for farm animals— Improving breeding 
bulls by a change of diet— Human nutrition— Malting trials— 
Analytical data on vegetables and fruits. 

Introduction . — ^Nutrition work on human beings as well as on 
farm annuals has reached verv high le\els m countries like 
America, Britain, German}, Hussia and Japan. In this country, 
the Nutrition Institute at Coonoor has been doing work on human 
nutrition for the last thirty years. As far as animal nutrition is 
concerned, some experiments on the digestibility ot Indian fodders 
by Lander in the Punjab and by \\'aith at Bangalore mark the 
early attempts in this field. It is to the credit of the Madras 
Government that .Animal Nutrition studies were started for the 
first time in India in Madias. The experiments which were 
located at Coimbatore under the control of the Government Agri- 
cultural Chemist, commenced in 1920 with some 
studies. From 1928, more elaborate work was undertaken and 
during a period of Aa'c years sufficiently encouraging results were 
obtained. The Indian (then Imperial) Council of Agricultural 
Research sanctioned a scheme for the extension of the work for the 
first instance for a period of five years from 1933, later extended 
tiU 1943. 

During the last 25 years, therefore, different aspects of Animal 
Nutrition have thus been studied by the Government Agricultural 
Chemist and some valuable information obtained. The problem of 
human nutrition does not strictly come under the purview of the 
Government Agricultural Chemist. But, off and on, wherever the 
occasion arose, several lines of investigation relating also to human 
nutrition have been carried out by him as independent items of 
research. In this chapter it is proposed to give an account of all 
these items of work. 

Animal nutrition. — ^What may be called Nutrition experiments 
were first started on the Central Cattle Farm, Hosur in Salem 
district to solve some specific questions. The experiments were by 
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no means up to date nor could they be called scientific. There 
was no proper equipment in the earlier years, and some of the 
experiments were conducted by the Deputy Director of Livestock, 
at the Military Dairy, Bangalore. Amongst several trials may be 
mentioned three, (1) to see if ritje bran could be included with 
benefit in a cow’s ration, (2) to see if silage could be substituted 
for green fodder and (3) to get information on the prejudice held 
by the milkmen of Madras against groundnut cake as a food for 
the milch cow. 

Although some information was available from these experi- 
ments, systematic studies were started only in 1926, when the 
technical help of the Government Agricultural Chemist was also 
sought to run nutrition experiments on proper lines. 

What may be called the forerunner of Animal Nutrition studies 
done by the Department, was an experiment conducted in 1926 on 
the production values of different feeds. The experiments were 
under the control of the Government Lecturing Chemist but the 
animals for the experiment were cliosen by the Deputy Director of 
Livestock and throughout the conduct of the experiments there was 
close co-operation between the two ofiBeers. 

Production values of feeds — Experiments . — Six heifers of the 
cross bred Bangalore herd nearly alike in physical condition and 
ranging in age from 21 to 23 months, were selected for the experi- 
ments. The ration given was 6 lb. concentrate and 40 lb. of green 
fodder. The concentrates included groundnut cake and rice bran 
2 lb. each, and cotton seed and dboll husk at 1 lb. each. Six weeks 
after the start of the experiments, the concentrate was increased 
by half a lb. of groundnut cake. The object of the experiment was 
to determine the production value of the feed, by which is meant 
the gain in weight made by the animals with a given ration during 
a specified time. 

The results showed that 11-72 lb. of dry matter wag required by 
a heifer of two years to produce 1 lb. increase in weight. It was 
also seen that heifers with Nellore blood seemed to put on weight 
faster than those of the Sindhi cross and that large sized animals 
seemed to put on better weight than small sized ones. It was 
further indicated, that, the greater the capacity of the animal to 
consume roughage the greater was the weight put on. 

Along with the determination of the production values, the 
digestive co-efiBcients of the rations used were also determined. 
This was done by carefully collecting, weighing and analysing the 
dung excreted by $he animals during the period of the experiments. 
Similarly the foM taken was also carefully weighed and analysed. 
From the total food ingested and the dung excreted and the 
analytical data, what are known as the “ digestibility ooefSdente** 
of the different nutrients were calculated. The following figures 
were thus ’obtained. 
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Digestibility coefficient . — Ration 6J lb. concentrate 40 lb. 
green fodder. 


Digestibility 

Nutrient in the raUon, coefficient 

# (percentage), 

Prolsiu . . . . • . • • 79*68 

Pat 64-72 

' Fibre 28-80 

Carbohydrate . . . . • . . . 60*61 


liequirements of protetds for differenl conditions and the fixing 
up of rations . — It was in 1928 that systematic experiments were 
started, witti all necessary precautions in specially constructed 
stalls and with the required staff and equipment. The first problem 
studied was the de^termination of the extent to which the more 
commonly used feeding stuffs like cholarn and paddy straw, oil 
cakes, cotton seed and brans were digested b\ farm animals. 
Based on the results it was proposed to fix rations suited to tlie 
type and condition. The pn)hlem of maintenance ration for a work 
hull<K*k, i.e., the amount of roughage and concentrates which 
could maintain in condition an animal at rest was considered to be 
the fittest for the initial study. I'lns is the foundation on which 
additional rations can he superimposed according to the nature of 
the work the annual is t*xpected to perform, over and above main- 
tenance. 

Experiments were conducted nmiIi sorghum (Chiirai cholarn) 
straw as the roughage and groundnut cake as the concentrate on 
six Ongole bullocks. The first ration consisted of G-82 kilograms 
(about 15 lb.) of Chiirai cholarn straw and 0-9 kilogram (about 
2 lb.) of groundnut cake per day per animal. Based on American 
standards this ration was admittedh high for maintenance, but it 
was considered safe to start with a high ration initially and then go 
down by slow steps to the plane of nutrition r('quired for main- 
tenance. As a matter of fact' after about two months, the ration 
was brought down to 0-6 kilogram of groundnut cake; the 
experiment was continued for nine months during which five 
rounds of estimations of digestibility coefiBcienls were also done. 
The following were the average figures during these five rounds. 

Digestibility coefficients — Average of five rounds . — Kation : 
16 lb. cholarn straw, 2 lb. groundnut cake. 


Name eifnuMrienU 


Ptr eerU dsgeekd. 


Dry matiar 
Prolefai 
Fat 
Fibre 

Oarbohydiate 
Mineral aatlar 


53*44 

50*94 

64*S7 

66*89 

42*93 

39*39 
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These figures, being the averages of five rounds, are more reli- 
able than those obtained in 1926 in connection with the production 
value experiments. It would be seen that the protein digested in 
the ration supplied is about 61 per cent. 

During the experiment an interest]^ observation was made. 
The live weights of the animals were steadily increasing. This 
could be due to only one of two reasons, either that the animals 
were still growing or that the ration fed was too large for main- 
tenance. Since the animals had been selected veiy carefully before 
the experiments and by all signs were quite mature, the only pos- 
sibility was that the ration fed was too high. 

NUroyen balance e-rperinienl . — A nitrogen balance experiment 
is a further advance on the technique followed for deter minin g 
digestibility coefficient. Jn a digestibility experiment the dung 
alone is collected, weighed and analysed on the assumption that the 
solid ^excreta represents the portion of the food that has been left 
undigested by the animal. In a nitrogen balance experiment the 
urine is also taken into consideration and from analytical data per- 
taining to the ration supplied, the dung voided and the urine 
excreted, it is possible to strike a balance sheet and say whether an 
animal is receiving enough or more or less nitrogen than it requires. 
With the ration given to these animals, namely, 6*82 kilograms 
sorghum straw and 0-6 kilogram of groundnut cake, it was found that 
the animals were in positive nitrogen balance. In other words, 
the amount of nitrogen that was supplied bj the ration was more 
than could be accounted for by that found in the urine and the 
dung. This extra nitrogen formed new tissues in the body and 
thus the animals increased in weight. The ration supplied was 
therefore higher than the maintenance ration. 

The next step taken consisted in cutting out the concentrated 
altogether and keeping animals entirely on sorghum straw. The 
amount of straw fed was also increased to twice the original rate 
so that the animals could eat as ranch straw as they liked. It was 
found that on a purely straw diet like this there was a negative 
nitrogen balance and the animals began to lose weight. The con- 
clusion was that roughage fed in tlie form of sorghum fodder is 
not sufficient to meet the requirements of resting Catabolism in a 
mature Ongole bullock 1,000 lb. live weight even though it is fed 
straw ad libitutn, ^Afith the information available on the amount 
of nitrogen deficit on a pure straw diet, proteid (groundnut cake) 
was slowly introduced into the diet until the nitrogen balance was 
neither positive nor negative and the animals did not gain or lose 
in weight. When such a result was obtained, the amount of 
groundnut cake included in the ration to achieve this end, was 
expressed in terms of protein. Further, a figure was 
as the digestible proteid with the data already obtained, namefy, 
61 per cent digestibility coefficient of protein. As a result of th— 
studies, it was established that the level of portein requiremmit in 
the form of groundnut cake for bullocks at rest is in the 
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neighbourhood of 100 — J50 grms. of available protein. This figure 
is the maintenance requirement of protein for the working bullock. 

Requirements for light, medium a)ul heavy work , — In the next 
set of experiments, an attempt was made to find the requirements 
for different kinds of work in addition to rest. The animals were 
made to do different kinds of work like — light, medium heavy and 
very heavy. Under these different conditions nitrogen balance! 
experiments were conducted and protein requirements were calcu- 
lated. The criteria on which these distinctions were based were as 
follows : — 

(1) Light work. — Hauling a cart 1,000 lb. weight on a level* 
road at three miles per hour for four hours. 

' (2) Medium heavy work. — Mhoting for four hours on a ramp 
one in 30 at about 30 buckets per hour, each bucket containing 45 
gallons of water. 

(3) Very heavy work. — Mhoting for eight hours. 

With groundnut cake and sorghum straw as the ration supplied 
the requirements of work bullocks at rest and under different 
classes of work were found to he as followl^ : — 

Jtequirements of groundnut cake and sorghum straw for work 


bullocks. 




Nature of work. 


QroundrwU 
cake required 
in lb. 

Sorghum straw 
required 
in lb. 



. , 

0*20 

17 

light work 

. . 

1*00 

17 

Medium heavy work 

• . 

.. loO 

17 

Heavy work 

. • 

200 

17 


In terms of digestible portein supplied by this ration, the require- 
ments were therefore approximately 100 grms. for rest, 300 grms. 
for light work, 450 gnus, for medium heavy and 600 grms. for 
very heavy work. 

One interesting observation elucidated during these experl- ^ 
menis is worth emphasising at this stage. Armsby, working . ii^ 
America had found that American animals required very much, 
more digestible portein for these different conditions. Armsby’s 
figure for maintenance requirement was roughly 300 grms. digesti- 
ble protein. This is the figure for light work requirement in the 
Coimbatore experiment. This shows that Indian bullocks, as 
typified by .the Ongole breed, are economic consumers of food. 

Earperiments with Kangayam bullocks . — ^The next set ot 
experiments conducted \^as with some animals of the Kangayam 
breed. With these animals also the maintenance requirement wee . 
about 100 grms. digestible protein. But, for light work and fox. 
heavy work the requirements were less than that for the Ongole* 
breed being 160 grms. for light work and 200 grms. for heavy, 
work. V^ile therefore confirming the results of the previous 
experiments for maintenance requirements the results indicated!; 
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that the Eangayam bullocks can be maintained at even less 
expense than the Ongole. It was also noted that work does not 
increase the digestibility co-efficient of any particular nutrient^ 
although the quantity of food taken in was more. 

Different sources of protein supply . — The next stage in the 
experiment was an alteration in the source of protein supply. 
While straw continued to be the roughtage, cotton seed was 
included in the ration instead of groundnut cake. The results 
obtained confirmed the previous conclusions that the maintenance 
requiremnts for an animal of 1000 lb. live weight was again 100 
grms. digestible protein. Indirectly it was also established that 
protein could be supplied either as cake or as cotton seed, although 
a larger quantity of cotton seed had to be fed than the groundnut 
cake. In further trials, ‘ Irungu cholam ’ fodder and ‘ Pcria- 
manjdl cholam ’ fodder were used as roughages and these were 
found to have the same digestibility as rice straw. 

Feeding standards . — Sufficient information had now been 
obtained with these feeding stuffs available at Coimbatore. The 
next step, therefore, was the formulation of feeding standards for 
work bullocks based on the results of these experiments. With 
rice straw and sorghum straw as roughages and a variety of con- 
centrates to supply digestible proteins, rations on a " Slab 
system ’ ’ for rest, light work and heavy work, were fixed up. These 
rations were then advocated for trial at the several A^cultural 
Besearch Stations for working bullocks. Beports from 23 such 
stations showed that the proposed rations were suitable and did 
not result in any untoward effect on the animals. In some research 
stations, however, there was a practical 'difficulty felt in deciding 
the intensity of work and the ration suitable for it. Standards for 
the slabs like hauling a cart, or mboting for four and eight hours 
could not be reproduced at all stations. Further, it was seen 
heavier animals of the Ongole breed fell off in their weigW with 
the ration advocated by the Chemist which was based on work 
with Eangayam bullocks. A revised system of ration was there- 
fore recommended reducing the four slabs, maintenance, light 
work, medium heavy work, and very heavy work to three slabs, 
namely, maintenance, medium and heavy work. This revised 
slab was more practical to follow as maintenance was equivalent to 
being tied in the stall without work; very heavy work was equiva- 
lent to continuous ploughing or mhoting for eight hours and all otiuff 
operations could be taken as medium work. In addition to this 
revised slab system, it was also recommended that a flat rate 
increase of half pound concentrate be included to all heavy 
animals. Before the introduction of the slab system the rations 
followed at the Agriculturar Besearch Stations were very "«««<» 
higher than that recommended by the Agricultural Chemist. Ons 
important result of this experimental work was therefmn a Mdue* 
taon in the cost of maintenance. 
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' It must, however, be stated that the results were obtained at 
Coimbatore with Kangayam bullocks, under the conditions exist- 
ing there. More detailed investigation was necessary at the 
dilierent Agricultural Besearch Stations, with feedmg stufiEs avail- 
able in the locality with animals of the tract and with the condi- 
tions of work obtaining there. In general, the observations so 
far available confirm the finding that the existing rations in the 
different localities are too high and that the Chemist’s ration is 
efficient and economical. 

Protein metabolism as affected by muscular work. — ^With the 
protein requirements for various conditions determined and con- 
firmed, an attempt was made to find a correlation between the 
quantum of work done and the quantum of protein supplied. It 
was noticed during the Coimbatore experiments on protein require- 
ments for different conditions that muscular work resulted in an 
increased output of urinary nitrogen. This meant that muscular 
work resulted in a heightened protein catabolism. 

The actual experiments were done with four bullocks of the 
Kangayam breed of as similar physical conditions as possible with 
live weights ranging from 900 — 1,000 lb. The ration fed consisted 
of sorghum straw of uniform quality and cotton seed as the con- 
centrate. The roughage was fed ad libitum, but the concentrate 
fed was adjusted by some preliminary nitrogen balance experi- 
ments. The muscular work performed during the experiment was 
baling water at the mhote for a measured number of hours, the 
number of buckets raised per hour being recorded and the lift being 
25 feet for 40 gallon buckets. The different periods studied were 
four hours, six hours, and eight hours of work. From the result 
obtained regression equations of the following types were 
possible : — 

(1) (Y = 4-79 X -+- 46-7 where) Y was the total nitrogen 
requirement and X was the number of hours at work. 

While this was the equation obtained for the total n itrogeh 
catabolised (i.e., dung plus urine) an examination of the urinary 
nitrogen also gave a similar equation. We have already seen that 
the dung nitrogen represents the undigested portion of the food 
and the urinary nitrogen the digested portion. The urinary nitro- 
gen is thus a measure of work done in terms of what is known 
as the “ Endogenous Nitrogen output ”. The actual equation 
obtained for the urinary nitrogen was — 

(2) Y ■■ 2-66 X -f 16-6 where Y was the urinary nitrogen 
and X the number of hours of work at the mhote. 

The results expressed by these mathematical equations can now 
be summarised as follows : — (1) Muscular work is necessarily 
followed by an increase in protein metabolism. (2) The quantum 
of dietary protein required at different levels of work is a linA^r 
function of the quantum of work performed. (3) The quantum of 
pxotein metabolised is also a linear function of the quantum of 
work perfonned. 

AOb— 87 a 
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In other words, the more muscular the work the more is the 
protein metabolised in the body and the more is the protein in 
the diet taken. It was actually found that for eight hours mhoting 
the protein requirement was 600 grms. and for six hours mhoting 
it was 400 grms. 

These experiments indicate, therefore, that when an animal is 
doing extra work a greater protein catabolism results. Therefore, 
sufScient protein must be included in the diet to allow for this 
extra protein catabolism; otherwise the animal will meet the 
requirement by a break-down of its tissue proteins and lose 
weight. Jt was actually found that for every increment in work 
of two hours, 5 grms. of dietary protein was required. 

Studies of mineral metabolism in Farm animals — Minerals 
in nutrition . — ^In addition to the carbohydrates, fats, and pro- 
teins, minerals also play an important part in the nutrition of farm 
animals. From the fact that bones contain a large percentage of 
tricalcium phosphate, it is generally known, even amongst lay- 
men, that sufficient amounts of calcium and phosphorous must be 
included in the diet. With the starting of animal nutrition experi- 
ments at Coimbatore and the study of protein requirements for 
different levels of work, an opportunity occurred to gather data on 
mineral requirements as well. What was required was a set of 
experiments in which the food given to the animals and the 
excreta voided, should be analysed for mineral contents and the 
balance struck as was done for nitrogen in the experiments for 
/pijotein requirements. 

'<"*** 

",,,The early experiment on mineralH in nutrition us started as 
"a preliminary enquiry and was stimulated by an article by Theiler 
,jn .the British Journal of Agricultural Science in the year 1928 
In that article the author had mentioned that the inclusion of a small 
quantity of bonemeal in the diet of farm animals reduced inci- 
dence of disease and mortalitv and increased the fertility of cows. 
It was therefore considered that a systematic experiment should be 
done nnder Coimbatore conditions to get some information on the 
‘vahie of bonemeal. 

With the co-operation of the Deputy Director of Agricnlttire. 
Xiivestock, mixtures of bonemeal and lime were fed to calves and 
to cows which had to take repeated sei-vice before they conceived. 

. The Deputy Director of Livestock reported that good results were 
achieved by including the mixture of bonemeal and lime in the 
ratign. The next step was a regular feeding experiment ob soma 
young calves. Twelve calves were selected of both sexes. These 
were divided into two groups of six each so that the total live 
weights of the two groups were equal and each group consisted of 
equal number of calves of both sexes. One of th ese groups 
received minerals in addition to the ration, while the o&er groins 
received only the normal ration. Live weight! ««e« xeootdbd 
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periodically of the animals in both the groups. At the start of 
the experiments the mean live weights of the mineral group was 
305 lb. while that of the non-mineral group was 309 lb. This 
difference was kept up till the 15th week when the minerals were 
418 lb. and non-minerals were 417 lb. live weight. From the 15tb 
Week onwards there was a steady increase in body weight and at 
the end of the 35 weeks the mineral group animals had out- 
stripped the animals of the other group recording a mean live 
weight of 541 lb. as against 521 lb. of the “ non-mineral group 
In addition to tl.e proof given bv the actual weights the calves 
receiving minerals were also looking decidedly better than the 
non-mineral group. It was first established that the inclusion of 
bonemeal and line in the ration definitely improved the live weight 
and condition of growing calves. The experiments on calves were 
closed in 1930, as a number of the heifers had become pregnant 
but in the meanwhile under a scheme sanctioned by the Imperial 
(now Indian) Council of Agricultural Eesearch in 1935, systematic 
studies were started on mineral metabolism of farm animals 

Mineral metabolism experiments — {a) Heifers . — The experi- 
ments were done with two groups of animals, group (a) on heifers 
and group (b) on cross bred cows. Experimental animals of 
group (a) were six Kangayam heifers. They were studied for 
their mineral metabolism by the usual method of working out a 
balance sheet for lime and phosphoric acid. The rations fed were 
the usual dairy rations fed at the Coimbatore College Dairy graded 
for live weight and for age and included one ounce of mineral 
mixtures containing equal quantities of shell lime and bonemeal. 
The animals were in the second and third year during the experi- 
ment representing a period of adolescence. During the first year 
seven metabolism experiments were carried out on these animals. 
The results of the first experiment indicated that with the ration 
supplied the heifers were in negative calcium balance. For the 
remaining six experiments, therefore, the quantity of mineral 
mixture fed was increased from one ounce to two ounces per animal 
per day. The composition of mineral mixture was also altered to 
contain three parts of shell lime to two of bonemeal. This change 
resulted in a heightened plane of calcium metabolism and in a 
positive calcium balance during the remaining experiments. 
The general conclusion drawn from these experiments was that 
for growth and pregnancy, Kangayam heifers require lime and 
phosphoric acid of the order of 35 g rms. per day per animal. 

The experiments were continued till 1941. While the con- 
eh^ons drawn in the first year were generally confirmed, as the 
heifers became cows and started yielding milk, the results were 
erratic probably because Kangayam cows were poor milk yielders. 
THiere was, therefore, not much drain evidently and whether in 
lactation or dry or pregnant the animals continued to show the 
Mme Mqnirsment for calcium and phosphoric acid. 
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(b) Cross-bred cows. — The experiments with cross-bred cows 
gave, however, more definite information with a correlation be- 
tween mineral requirement and the yield of milk. The results 
generally showed that in cross-bred cows a heavy milk yield is asso- 
ciated with a negative calcium balance, although the phosphoric 
acid was positive. The indication was, therefore, that the require- 
ment of ^etary calcium of a cow in heavy milk is more intense 
than its requirements for dietary phosphorous. In the case of 
coWs yielding 15 to 20 lb. milk and more per day, even a change 
in the composition of mineral mixture increasing the proportion 
of shell lime to bonemeal did not correct the negative balance for 
calcium. The experiments on the cross-bred cows were also conti- 
nued for nearly five years and throughout the period a positive 
corelation between mineral requirement and the quantum of milk 
was obtained. The following table summarises the requirements 
as elucidated by these experiments ; — 


Requirements of calcium and phosphoric acid for Dairy Ariimals. 


Stof^ of animat. 


Btquirement 
of lime per 
day «n grmt. 


Requirement 
phoejAorie aaid 
per d(ty in grme. 


Young growmg heifen 
Pregiwnt heifen . . 
Cowa in heavy milk 


40 

25 

40 

25 

75 

50 


These are the figures obtained with cross-bred cows. With 
Eangayam animals the requirements were lower. It was noted 
during these experiments for studies of this kind, that Eangayam 
animals were not suitable. Not only were they poor in milk yield 
but most of them did not conceive after service and proved 
disappointing. On the other hand cross-bred animals wetr* 
extremely suitable. They showed a steady increase in calcium 
requirement with growth, and during pregnancy and this require- 
ment increased still further after parturition and lactation. During 
1933 and 1934. an attempt was made to replace the bonemeal of 
the mineral mixture with four phosphate obtained by powdering 
Trichinopoly phosphates. The flour phosphate was treated wi& 
bacterial culture before being made into mixture. The results, 
however, were not so encouraging as bonemeal. 


For working bollocks also one oz. of mineral mixture is fed 
mixed with the concentrated ration as a daily routine in sU 
Agricultural Besearch Stations of the State, and this, besidjM 
rectifying mineral deficiency, acts as a prophylaxis against stilf 
joints and other common ailments associated with bullocloi. 


The practical importance of these mineral metabolism experi- 
ments is illustrated in that to-day the inclusion of mineral mixtun 
is followed, as a routine operation for the dairy a nima ls in all , . 
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Government Farms. A definite recommendation that two oz. of 
the mineral mixture should form part of the diet of calves and 
lactating animals has been made. 

Tfte pasture grasses of the State — Their mineral composition 
and value in nutrition. — ^It was reported in the previous section 
that experiments indicated the need for including lime and phos- 
phoric acid in adequate amounts in the rations of growing calves 
and cows in milk. While stall fed animals can always be fed a 
mineral supplement as a daily routine, the problem becomes a 
little more complicated with animals depending entirely or partly 
on pasture. Pasture grasses are known to be rich in mineral 
matter, although there is much variation from species to species 
and form area to area. In some localities the pastures contain 
only one particular species predominantly, while in others it is a 
nixed herbage that is available for grazing. 

The first investigation of pasture grasses done by the Madras 
Agricultural Department was a study of the seasonal variation in 
the mineral and nitrogen content of spear grass (Andropogan 
eartroltus) at the Livestock Besearch Station, Hosur. 

Samples of this grass were collected every month and analysed 
for original moisture, total ash, silica, calcium, phosphoric acid, 
potash and proteins. The work was started in 1929 and was 
continued for 18 months, samples being taken every month from 
four different paddocks. The mean obtained for each of these 
18 months is shown in a chart wherein the seasonal variations are 
clearly seen along with rainfall. (Chart.) 

If would be seen from this chart (i) that there is well defined 
seasonal tide in the variation of all the constituents, (ii)' that the 
nitrogen and phosphoric acid curves were parellel while the calcium 
content varied inversely as the nitrogen and phosphoric acid; the 
peak of the curve for nitrogen and phosphoric acid coincides with 
rainfall, and (iii) in general, the pastures at Hosur showed no defi- 
nite sigh of deficiency in any of the minerals, though, in certain 
seasons from December to March, the phosphoric acid and the 
lime are a little low. 

Along with the analysis of the grass the soils of the paddock 
were also examined. Though there was no apparent correlation 
between the minerals in the soils and the herbage, it was generally 
seen that the smls of Hosur were poor in lime and phosphoric acid. 
A mathematical examination of the analytical data revealed a posi- 
tive correlation between phosphoric acid and nitrogen and were 
suggestive of a close connection between nitr(^en and phosphoria 
in the metabolic processes of the plant, 
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‘ Apart from the data provided for the seasonal variations, the 
investigation threw some light on the mineral content of the he^p- 
bage of natural grasses during their life cycle. With figures avail- 
able for other countries, a short note of comparison would prove 
interesting. As regards calcium, the content was quite high during 
dry seasons reaching the value nearly equal to that of a British 
pasture. During the wet season the value fell and there was a 
shortage of calcium. As this is the mam grazing season, a shortage 
of calcium during this period is a disadvantage. As regards phos- 
phoric acid, the value at no time reached that of good pastures in 
other coimtries, being particularh low in the dry months. This 
indicates that animals in this pasture would not be receiving suffi- 
cient phosphates. Potasli was also low compared with other good 
pastures, but this is not a very serious defect, because excessive 
potash owing to its diuretic effect is not a very desirable factor, 
especially in tracts where drinking water is scarce. 

The practical significance of the results obtained during the 
investigation can be summed up. The best period for moving for 
silage or hay-making is when the grasses flowered and before the 
seeds have set. This practice would conserve maximum of pro- 
tein and phosphoric acid. Actual analysis indicated that nearly 
50 per cent of the phosphoric acid was lost in the process of hay- 
making. This is possibly due to two causes, one the lower nutri- 
tive value of the dead ripe grass and the loss of seed material by 
combing. It is unfortunate that the maximum content of phos- 
phoric acid and mtrogen coincides with the period of heaviest 
rainfall when conditions are not favourable for hay-making. Either 
artificial curing during the wet weather has to be done or growth 
must be rushed up with ammonium sulphate application to escape 
rain. The making of silage from immature grass w'hich has not yet 
become ripe is a usual practice at Hosur and the resulting produce 
is of high nutritive value as compared to the poor quality of the 
dead ripe grass. 

To young stock and animals even when they are grazing the 
feeding of mineral supplement was indicated. 

Pasture survey . — ^Analysis of grasses in and around Coimbatore 
on the same lines as was done with the spear grass at Hosur was 
being done by the Government Agricultural Chemist during the 
years 1930-36. Some preliminary information was made available 
as a result of these analysis and it was felt that a systematic study 
of the grasses in the pastures of the whole Madras State must be 
done. To do this a scheme was sanctioned by the Indian Council 
of Agricultural Besearch in 1936 as one of the items of work of 
the Animal nutrition experiments at Coimbatore. Samples of grate 
were collected from the different localities and were brought ,to 
Coimbatore where the Government Systematic Botanist helped .^ 
identify the different specimens and worked out the percentagw 
of the different species. The samples were then analysed for their 
moisture,- ash, lime, phosphoric acid, potash and nitrogen. Dating 
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m period of five years almost all the districts were visited like this 
and analytical data on the pasture grasses of the State were avail- 
able. From these data pasture maps of the State were drawn 
similar to the soil survey maps mentioned in an earher chapter. 
The map shows clearly the areas of sufficient and deficient minerals 
m the pastures of Madras State. It also enables us to correlate the 
growth of cattle in a particular locality with pasture composition 
and to suggest ways and means for improving the cattle. 

One other fact which emerged during the course of this pasture 
Si^ey was a phytogeograjihic distribution of pasture grasses in 
different localities. There were certain zones which seem to be 
adopted for particular species. . For example in the Circars the 
predominant type is Ghengaligaddi (Icelyme laxum). In the Kan- 
gayara area of Coimbatore district Kolukettai grass {Cenchrus 
ciliaris) overgrows any other species. In Hosur and Salem the 
spear grass {Andropogan controrfus) is prominent. The Hariali 
{Cy ana don dactylon) seems to be a cosmopolitan, but even this 
prefers certain areas to others. For example in the Tiruthani taluk 
of Chittoor district this is the most important fodder grass of the 
tract. The analytical data revealed wide variation in the sample 
from different localities, the ranges being, one per cent to 21 per 
cent ash; 4 to 17 per cent protein, 0-3 to 1 per cent of calcium and 
0-2 to 0*8 per cent phosphoric acid- In general, pastures from 
deltas, South Arcot, Ramnad, Coimbatore, Salem, and portions of 
Nellore were high in proteins, phosphoric acid and lime. Ananta- 
pur, Malabar and South Kanara \vere districts with pasture grass 
of very poor quality. In the remaining areas of the State the 
pasture grasses are of average composition. In some portions of 
Nellore pasture with very low phosphate content was also found 
associated with the incidence of fluorosis. 

During the pasture survey of the grasses of Madras to assess 
the mineral content, it was noticed that cattle of certain tracts 
were subject to a peculiar malady, characterised by bone-malfonna- 
mation, stiffness of joints, lameness and other symptoms associated 
with “ Osteomalacia Enlarged hoofs and nodular formations on 
the ribs and other bones were other characteristic symptoms. All 
these were known to be due to “ fluorosis a disease Imown to be 
prevalent in human beings and cattle and is due to ingestion of 
fluorine along with the food. 

The affected areas wrere mainly in Kurnool district and in certain 
parts of Nellore. With the aid of a scheme sanctioned by the 
Indian Council of Agricultural Research a detailed investigation was 
undertaken to study the etiology and pathogenesis of the disease 
and, if possible, to suggest remedial methods to cure or control 

a. . 

Altogether 98 villages were visited in Ceded Districts and Nellore 
ftnd records made of the prevalence of the disease, its characteristic 
and variations in its severity from locality to locality, 
while in moat, of the villages visited, fluorosis in more ur leas 
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aggravated form was noted, there were some in which the disease 
was altogether absent. It was also recorded that affected animals 
from other villages got cured in course of time if taken and kept 
in the curative villages. 

Fluorosis in human beings and cattle has been traced to 
drinking water, phosphate containing mineral supplements to food, 
forage crops treated with fluorine containing insecticides and similar 
other sources of fluorine. An analysis of the drinking water from 
the wells and tanks of these areas was therefore taken up with 
particular reference to the fluorine content. The water from 
affected villages showed a fluorine content ranging from one to four 
parts per million while in the curative villages the fluorine content 
in the water examined was less than 0-5 part per millioni. 

An analysis of the rocks, minerals and soils of the area also 
showed that in the affected areas the geological formation was a 
permanent source of supply to the waters flowing over them. Ulus 
while the fluorine in the water was the imme^ate cause of the 
disease, it could be traced ultimately to the underlying rock forma* 
jtions, particularly to the granites and gneisses of an unclassified 
type, found in the Eurnool area. 

Apart from the drinking water, other causes either as sources of 
flnorine or contributing in some other way, were also examined. 
Groundnut haulms is an important part of the ration for the animals 
of this tract and there was an opinion that feeding of these was 
responsible for the incidence of the disease. An examination of 
the haulms did not however, support the popular opinion, the 
nutritive value of the haulms being quite high. The fluorine con- 
tent of the haulms was also negligible and not sufficient to warrant 
for the disease and incidentally it was noted that it was the spread- 
ing variety that had more fluorine than the bunch variety. 

While the analysis thus ruled out the groundnut haulms as 
the source of fluorine, another constituent namely, phosphoric acid 
showed significant differences in its total amount. The Ceded 
districts haulms had very low phosphoric acid content, while haulms 
from Tindivanam, where there is no fluorosis, showed a high 
percentage of this constituent. 

In Kumool, a permanent source of supply emits from the 
rocks, minerals, soils and drinking waters, and the mineral mata- 
bolism of the animals is upset by the imbalance between calcium 
and phosphoric acid and this makes the animal susceptible. 

This line of ’argument was sought to be confirmed by an exam- 
ination of the phosphorous level in nutrition. The blood from 
Eealthy animals as for example, from Coimbatore showed the 
inorganic phosphorus to be four to five milligrams per 100 c.c. of 
the blood, a normal figure reported elsewhere also. Ti^en the blood 
of animals from the affected areas in Eumool was examined, it was 
found that the blood contained only one to two milligrams of 
nbosphorus per 100 c.c. This low blood phosphorus is an index 
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of defioient' pbosphortis nutrition. This results in aphosphorosis 
and is one of the major causes for the severity of the disease in 
Kumool area. If this view is correct supplementing the lation 
with adequate amounts of phosphoric acid might well be considered 
88 one of the ameliorative measures. 

An actual experiment with animals was then taken up to obtain 
information on this aspect. Six calves of nearly the same age and 
physical condition were selected for the experiment and ^vided 
into three groups as follows : — 

Group I . — To receive half a lb. each of groundnut cake, 
cotton seed, and rice bran and dhall husk and sufficient rice straw 
as also one ounce of bone meal supplement. 

Group II . — Same ration as above, but with fluorine in the 
form of sodium fluoride given as drench, every morning before 
feed. 

Group II . — Same ration as above, but with fluorine in the 
supplement. 

It would be seen that group £, which does not get any fluorine 
in its feed, but is liberally supplied with rations and minerals is 
the control. Group III, will show the effect of adding fluorine to 
the diet, while the animals of group II will prove whether by the 
inclusion of a bone meal supplement, the incidence of the disease 
is either averted or stopped altogether. 

Periodical live weights and other observational notes were 
maintained on the animals. The animals of the first group did not 
show any symptoms of fluorosis at all; the other two groups deve- 
loped symptoms within two months and the effects were accelerated 
in group III. The experiment thus demonstrated that the inclusion 
of bone meal could not stop the disease but that it could alleviate 
the conditions somewhat. 

Detailed laboratory examinations revealed that the blood of the 
animals in the different groups did not show any difference in 
calcium or phosphoric acid or even fluorine. On the other hand, 
fluorine was found to be deposited on the bones. Post-mortem 
examination showed that the vital organs kidneys, liver and splean 
were shrunk and reduced in size. By conducting balance experi- 
ments and analysing feed, urine and dung it was established that 
the fluorine was mostly excreted through the dung and to a little 
extent by the urine. It was also found that a flaily dosage of 
three to mx milligrams of fluorine per kilogram of body weight, was 
enough to produce active symptoms in the course of two months. 
When dosage was increased from seven to 18 milligrams the symp- 
topQs set in much earlier. A dosage of higher than 20 milligrams 
was found to be lethal 

But one significant' result obtained from this experiment was 
the difiemice between the different groups in fluorine retained. 
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Group II animals — ^which had been given bone meal supplement"^ 
retuned actually | as much fluorine as the animals of group III. 
This would explain how with a higher level of phosphorus, thh 
animals are less likely to reach toxic concentration of fluoriDb 
deposit in the bone. 

Ameliorative measures. —The method of amelioration was 
studied along two lines, (1) preventive or prophylactic and (2' 
curative. 

Preventive methods . — As fluorine in excess of one part per 
million in drinking water has been proved to be the prime factor 
in the incidence of the disease, the following attempts were done 
to get rid of this trouble. 

Changing the water-supply . — Mention has already been made 
of the curative villages. Cattle dealers are in fact doing a good 
business by buying cattle at a nominal price from the affected 
village and removing them to these curative villages and keeping 
them there for some months. The animals recoup their condition 
and are then sold for a higher price. But this method is not 
within the easy reach of ryots who have either to remove the 
animals to the curative villages or obtain drinking waters from 
distant sources. The remedy is possible only where drinking' 
water of low fluorine content is nearby and cannot therefore be 
of universal application. 

Tapping the water source for different depths was another line 
thought of, but this method was bound to be a failure. We have 
already seen that the geological formations themselves are the 
sources of fluorine and even if one is lucky to strike a fluorine-free 
water source at a lower depth, it is likely to be contaminated near 
the surface, unless a protective pipe is led down from the very top. 
The success is doubtful and the cost will be prohibitive even for 
Government. 

Bemoval of fluorine from the drinking water by chemical 
reactions was next studied. Based on work elsewhere, several 
reagents were tried as follows — boric acid, potash alum, tiicalcium 
phosphate, superphosphate, alumina cream, calcium carbonate, 
freshly slaked lime, lime and superphosphate, lime and alum, weiO 
all tried, the cost of the treatment being also taken into considera- 
tion. Of the various reagents tried lime was found to be most 
effective and cheapest. The next set of experiments was to find 
out the most sujtable dosage and the period of time the lime should 
be in contact with water. From the mass of data obtained it 
was found that a dosage of 500 parts per million was the optimum. 

This result which was obtained from laboratory trials with 
artificiallv prepared water of known fluorine content was tiien 
confirmed by trials with natural waters in the locality r 14 samples 
of well water from Kumool district were treated with lime and ii 
Was noted that the fluorine was reduced to negligible quantities, 
fw below the dangerous limit of one part per million. 
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The action of lime (calcium oxide) on fluoride waters is due 
to the formation of calcium fluoflride which is highly insoluble and 
hence settles down. Any excess of calcium oxide added forms 
■first calcium hydroxide: tliis hydroxide due to tiie exposure to the 
carbon dioxide of the atmosphere, forms calcium carbonate which 
is also insoluble and which again settles down. 

With effectiveness of calcium oxide established by laboratory 
trials, as a precipitating agent, rather spectacular attempt was 
then tried, by extending the treatment to a well itself. A step well 
at Gospad, which was mainly used for animals, was treated with 
lime on 16th December 1942 for removal of fluorine. The dia- 
meter of the well was 22 feet and depth of water 24 feet. Based 
on these measurements, maunds of slaked lime obtained from 
Nandyal were added straight to the well. Six men were made 
to swim, dive and chum with poles, so as to ensure the complete 
mixing of the lime added. The lime got mixed up well and the 
water turned milky white, but the lime settled down completely 
in 36 hours. Samples of water for analysis, were drawn before 
the addition of lime and on three successive days after the addition 
and on the 18th day after the treatment. . 

The results showed that the fluorine content of the well water 
which was about four parts for million fell by about 40 per cent 
within three days; but this did not go below the threshold value 
of one part per million, h’urther on the 18th day the water came 
up to Its original value of l-7j parts per million. From this it was 
evident that treating the wells would only cause a temporary lower- 
ing of the fluorine content, which would soon be made up by fresh 
supphes from the well sprmgs. 

Curative method - — ^Absolute cure is not possible in advanced 
cases where bone eseostosis has set in. In the early stages of 
the disease previous workers have tried the following as methods 
of curing, (1) supply of vitamins, (2) a change in the dietary con- 
stituents, (3) supply of aluminium and (1) supply of calcium and 
magnesium. 

Vitamins . — Previous work on rats, monkeys and human beings 
have shown that amongst the vitamins, vitamin C has a correlation 
with fluorine. Experiments with monkeys showed that Vitamin 
C caused lesser storage of fluorine and less pronounced bone affec- 
tion. Thus vitamin C can partly ameliorate fluorine and this is 
probably one reason why cattle in the Eurnool district recover 
when taken to what are called curative villages, where in addition 
to the low content of fluorine in the waters, an abundance of green 
foliage which is a potential source of vitamin C, is available. 

Change of diet . — Attempts have been made to ameliorate the 
chsease by dianging the dietary constituents, or supplementing 
certain products of carbohydrate metabolism. This was based 
on oertain experiments which showed that fluorine inhibits carbo- 
byd^te metabolism by preventing lactic acid formation. To got 
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over this, lactate, lactic acid and glycerol were introdnced in the 
diet, but the results showed that such inclusions did not diminish 
the .ss'verity of the disease. 

Aluminium . — ^Aluminium forms an insoluble compound with 
fluorine and investigators have found that an administration of 20 
parts per million of aluminium lessens to a certain extent the 
storage of fluorine. The results, however, with experi- 
ments on rats were not always consistent, as aluminium also com- 
bines with phosphorus, forming an insoluble compotmd and this 
interferes with mineral metabolism. At best aluminium administra- 
tion can only be a temporary relief but not a permanent ameUorative 
method. 

Supply of calcium and magnesium . — ^Experiments by previous 
workers have shown that a low calcium in the diet of rats increased 
and a higher calcium decreased the toxicity of sodium fluoride. 
On the other hand the magnesium content of either the food or 
drinking water did not seem to have any effect on the incidence 
of fluorosis or its prevention. 

Ryots' remedies - — Mention may be made at this stage of some 
practices prevalent in the locality to afford rehef. As the animals 
go lame with fluorosis, the ryots blindly noting the localisation of 
pain in joints brand the animals as a counter irritant to cure the 
affected part. Again some herbs of known value in the cure of 
ordinary rheumatism are also tried, under the impression that the 
disease is a type of rheumatism. Of the herbs, three— Codobo 
indica, Clarodeudron phlamoides and Pergularia extensa — (known 
in Telugu as Addamulinka, Takkalamu and Dustipatika respec- 
tively) are in general use. But neither branding nor the use of 
these herbs has been found to be of any effect for curing the disease 
or even affording temporary relief. 

Bone-meal administration. — It has already been mentioned that 
bone-meal had no ameliorative effect on experimentally induced 
fluorosis. It did not prevent altogether the appearance of the 
symptoms, although it did cause a lesser storage of fluorine. In 
the exp^iments, however, calves got an intoxicating dose (4 
fluorine very much in excess of what is possible merely by drinking 
water-supply. It was therefore considered possible that bone meu 
administration could be tried as an ameliorative measure under the 
normally existing field conditions. During the field survey a cow 
was met with in Joladarsi village of Koilkuntla taluk where bone 
meal administration had ameliorated the condition. The Ma&ae 
Veterinary Department had also attempted with some succen a 
few preliminary trials on bone meal feeding. A systematic attempt 
was made to study this question. Four naturally affected buUooKs 
firom Dosapadu village were stationed at Agricultural BeseuPC^ 
Station, Nandyal which is itself a curative place with a fluorine 
content of less than one part par million in the drinking wiAer.' 
The animals were divided into two groups; onb group notMSg 
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the basic ration with change of water and the rest received in addi- 
tion three ounces of bone meal per day. The basic ration was, 
15 lb. cholam straw, five pounds green fodder, one pound each of 
groundnut cake and cotton seed and one ounce common salt. The 
animals were weighed periodically. 

By a mere change of place from Gospad to Nandyal all the 
four ti.nima,lB started increasing in weight and even recovering 
from the disease. Within a period of 10 days the lameness also 
disappeared. The animals which were getting bone meal in addi- 
tion put on weight much faster and recovered more quickly. At 
the end of ten weeks the non-bone meal group showed an average 
increase of 8-9 per cent on the original live weight while the 
bone meal group showed an increase of 16-38 per cent, a figure 
nearly double. 

In conclusion, therefore, it may be stated that amehoration of 
chronic fluorine intoxication is possible by bone meal feedmg and 
its good effect is enhanced by changing the animal to a water- 
supply in the curative areas. Where transfer of animals is not 
possible the drinking water must be treated with calcium, other- 
wise mere bone meal feeding will not be effective. 

Studies on poultry nutrition . — in 1936-37 work was started to 
study the effect of feeding on the quality of egg and flesh m poultry. 
One group of birds received a diet cuntaimng fish meal while the 
other was fed with a diet containing groundnut cake protein. The 
eggs and flesh of birds of both groups were analysed later, not 
only for the total content of protein but for the differential make 
up. These preliminary experiments in fact showed that the egg and 
flesh of fish meal group contained more of the amide fraction. 
Further studies with a fresh batch of month old light sussex 
chickens did nut however corroborate this findin g. In the latter 
experiment, one batch uf birds had fish meal and another ground- 
nut cake as the main source of protein, the diets of both the groups 
being maintained at 11 pur cent level. Birds from each group 
were slaughtered during the progress of the experiment and tissues 
of the wing and leg analysed for Haussman numbers. This analysis 
enables the proteins of the flesh to be partitioned off into several 
gronps like, ammonia nitrogen, humin nitrogen, basic nitrogen and 
non-basic nitrogen. 


The Haussman numbers revealed no differences in the protein 
make up of the flesh from the two groups of birds under experi- 
ment. The total nitrogen in all the birds was between 14 and 19 
per cent of which seven to eight per cent was accounted for by 
the non-basic nitrogen. These results showed therefore very little 
difierenoe in the distmbution of nitrogen in the two groups of 
birds. Considering that the protein of groundnut cake and fish 
meal are different in their make up, it is dear that feeding with 
different ^teins does not alter the proteid composition of the 
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Wool ‘production in sheep — Its quantity and quality.— Wotk 
elsewhere has fairly definitely estabhshed that cystine — ^a sulphur 
containing amino acid, has much to do with the quality of wool. 
Finer wool was found to be associated with a higher cystine con- 
tent than coarser wool. The local breed of sheep at Coimbatore 
have a coarse wool, almost degenerating into hair. Breeding is the 
general method adopted to increase the yield of wool in shee|^ and 
to effect an improvement in its quality. With the knowledge that 
fineness of wool and higher cystine content go together, studies 
were started in the animal nutrition section at Coimbatore m 
1931-32, to elucidate this problem. 

The animals under trial were the Hosur black faced sheep 
obtained from the Deputy Director of Agriculture, Livestock. Pre- 
hminary experiments were started by feeding small quantities of 
sulphur. These experiments indicated that the animals reacted 
to sulphur feeding ; the sheep that got sulphur gained 11 ;3 per cent 
in weight as against 6 3 per cent of those not receiving sulphur. 
There was also experimental evidence to prove the biological con- 
version of elemental sulphur into the sulphate form through the 
agency of the sulphur oxidising organism in tlie intestines. A 
portion of the sulphur fed was also retained as such without being 
oxidised in the liver. 

The experiments were continued for three years, but apart 
from the increase in the weight of the animals no other improve- 
ment either in the yield of wool of its quality was noticed as a 
result of sulphur feeding. Some other valuable information on 
sulphur metabolism was obtained. A point of toxicological interest 
was that the sheep could tolerate 2'5 gms. of sulphur per day in the 
feed. It was also noticed that feeding of elemental sulphur caused 
a less retention of dietary nitrogen in the body. This depletion 
of nitrogen, although it did not produce any disease symptoms, 
was reflected in the altered composition of the tissue proteins, 
chiefly in the Uver, thigh muscles, the brain and the kidneys- The 
conclusion finally drawn was that although it does not improve 
quantity or quality of wool, sulphur has a biological function in the 
body. 

Nutritive value of crops as affected by manuring.— 
manuring increases the yield of crop is welltaown. With the 
increase in yield there is also a change in the composition of the 
crop brought about by different manures. Particularly in caw 
of food crops and fodder this effect of manures on the quality is w 
important, if not more important than an increase in' ou^tity. 
Several lines of investigation have been followed in the Chemisitry 
section from 1924 on this aspect. Mention has already been made 
In the chapter on Soils of the permanent inanurial plots' at ' )£e 
Coimbatore Central Farm. These plots ore manured ^yith oat^ 
manure and with other fertilizers and excepting for one dr tiro 
years when cotton or sugarcane was grown, the main croj^ 
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on these plots were cereals. The existence of these plots thus 
afforded cereal material under differentially manured conditions. 

It was noticed that seed obtained from the cattle-manured plot 
germinated better, put on more vigorous growth and yielded more 
and better grains than seed from the complete mineral-manured 
plots, i.e., plots receiving the inorganic fertilizers to supply 
nitrogen, phosphorus and potash. These observations indicated 
that there was something in the cattle manure which 
imparted a particular quality to the cereal imj)roving its germi- 
nating and reproductive capacity. 

It was felt that along with these vegetation tests which 
definitel}^ show’ed the superiority of cattle manure seed in germi- 
nation and growth, some nutrition tests also should be carried out. 
For this purpose the collaboration of Lieut. Col. K. McCamson, 
Officer in-charge of the Deficiency Diseases Inquiry, Coo- 
noor, was utilized. Samples of wheat grain from the no-manure 
plots, complete mineral manure plot and from the cattle manure 
plots wx'ie sent to Coonoor and nutrition exj>eriments with these 
grains were conducted with pigeons and rats. The report indicated 
that wheat from the plots receiving cattle manure was 15 per cent 
more nutritious than wheat from plots receiving mineral mixture. 
lieut.-Col.McCarrison also made the observation that disease 
symptoms produced by no-maiiure and mineral manure grain 
disapi>eared with the administration of cattle manure grain. 

Thus the results of the nutrition tests were identical with those 
of the vegetation tests and it was, therefore, possible to conclude 
that manuring alters the chai^acter of the seed. Since the cattle 
manure grain corrected the deficiency disease symptoms, it was 
reasonable to conclude that the observed superiority of the grain 
was due to the vitamin content. As a corollary it followed that 
the organic manures supplied to the plant some stimulating con- 
stituents termed Auxiinones, which are similar to vitamins for 
animals. 

If the seed obtained from an organic manured plot is superior 
to that from a mineral manured crop, it should follow that in the 
growth in the plant itself there must be a difference in the course 
of metabolism due to the different manures. The seed is only 
the final product of metabolism and a study of the changes during 
crop growth would throw more light on the differential effect of 
the manures. 

The next line of attack of the problem consisted, therefore, of 
chemical studies of the proteins of herbage and seeds of crops recei- 
ving differential manure treatment. The work was taken up 
during the year 1937-40 under a scheme sanctioned by the Indian 
Council of Agricultural ^Research. The herbage studied were rice, 
maiase, ragi and lucerne. Rice was grown under sullage effluent 
water from the activated sludge plant of Central Farm, Coimbatore 

AMr-BS 
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and under channel water. Lucerne was grown under no manure 
and cattle manure conditions. Maize had four manurial condi- 
tions — no-manure, cattle manure, mineral manure and sodium 
nitrate and creatinine. Periodical analysis of these herbage 
under different manurial treatments were carried out to study the 
intermediary phases of nitrogen metabolism. The nitrogen esti- 
mated was partitioned off into several fractions, as ammonacal, 
nitric, amido, humin, moiioamino and diamino. 

The results indicated that soil treatment by the application of 
the manure had a profound effect on the ({uality of the crop as 
measured by chemical analysis. The probable reason for the diffe- 
rences in nutritive value of crops is perhaps that the proteins 
synthesised were of dift‘ei‘i‘nt types as a result of manuring with 
organic and inorganic manures. 

Generally application of heavy doses of nitrogenous manures 
like ammoniuin sulpliate or farmyard manure brought about an 
increased up-take and increased metabolism of nitrogen ; but in the 
case of inorgan j(' fertilizers, the carbohydrate metabolism was 
reduced. As a consequence, in tlie plots treated with inorganic 
manures, the total protein nitrogen is low compared to the total 
nitrogen, since most of the nitrogen is accounted for as nitric and 
ammoniacal form. On the other band, althuougli the total nitro- 
gen in the organic-manured plot was the same as that from the 
mineral manure plots, the proteid nitrogen is more and nitric 
nitrogen less. It would, tlierefore, appear that the imbalance in 
nitrogen and in carbohydrate metabolism is resjxmsible for this 
differential distribution of nitrogen in the proteid and non-proteid 
forms. This proliably is the reason for the loss in quality of the 
crop from the inorganic manures. 

Miscellaneous studies ou nutrition. — In this section are reported 
a number of miscellaneous items of investigation which cropped up 
during the pursuit of the main problems on animal nutrition. 

Use of small animals for feeding experiments. — The technique 
of carrying out experiments on animal nutrition is beset with many 
practical difficulties; chief amongst these are the size and number 
of animals that have to be put under experiment. A simple 
digestibility experiment, for example, on working bullocks will 
require at least four animals to be studied and the cost of this apart 
from the cost of ration, attendants, etc., very often is not propor- 
tionate to the results achieved. In many cases what is wanted is ft 
preliminary information which, if sufficiently encouraging, can be 
taken up for elaborate investigation. 

To get over the disadvantage of large numbers and repetitions 
and to reduce the cost of equipment, small animals were chosen for 
the preliminary experiments. Animals so chosen for these purposes 
were ra»bits, guinea pigs, and white rats. These could be kept under 
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controlled conditions more easily than large animals which require 
specially constructed stalls. Wherever necessary, these animals 
were used for preliminary trials like nutritive value of different 
grasses, supplementing bonemal to the ration, fixing a basal diet 
and similar problems, on the results of which subsequent experi- 
ments on large animals could be modelled. 

Biological value of proteids . — One set of exjieriments for which 
these small animals were found to be very handy and suitable was 
that on the determination of biological value of proteids. Proteids 
are nitrogenous structures built witli aiinno acid bricks and it is a 
well known fact that the quality of a proteid depends on its ammo 
acid make up. For example milk and egg proteids have a higher 
biological v^lue. Similarly proteids of animal origin have a higher 
biological value than plant origin. Amongst plant proteids them- 
selves, tliere is difference between one species and another, between 
one variety and other and between varieties grown under different 
conditions. In 1035-36, experiments with ragi indicated that 
white nigi had a liigher biological value than the brown variety. 
On the other liand, nigi growui .on differently manured plots showed 
no differences, indicating that the varietal factor was responsible. 
Similarly, tliere was a difference between redgram varieties growm 
on hills and plains near Coimliaton*, tlie type on the plains show^- 
ing a higher biological value. The experiment w’as also done 
with rice, 15 different varieties from Coimbatore, Adutliurai and 
elsewdiere being studied. The general conclusion was that short- 
duration varieties had a higher biological value than those of longer 
duration. Starchy variety again liad a higher value than glu- 
tinous types. Another set of interesting experiments which might 
also have a value in human nutrition was with parboiled rice, raw 
polished rice and with raw unpolished rice. The result indicated 
that jxilishing lowered the biological value. 

Utilization of molamfes, — Molasses, a bv -product obtained from 
sugar factories wais tried in some feeding trials and tlie result 
sbow^ed that the molasses could wvll supply a portion of the carbo- 
hydrate constituent of the diet. Based on the experiments done 
in 1936-37, composite cakes were prepared from molasses by mix- 
ing with concentrates and mineral mixture to give hard bricks of 
definite composition. The cakes were designed to be of suitable 
size and weiglit to supply 100 grams of digestible proteid — the 
requirement for maintenance. These cakes had a good keeping 
quality and as they disintego-ate freely in water wliat was wanted 
was merely to soak them in water and give them as feed to the 
animal. Extra proteid required could always be supplied by 
increasing the number of bricks. 

In addition to the exi>eriraents wdth the small animals on the 
biological value of different feeds, the constitution of proteid by an 
analysis and estimation of amino acids in the laboratory was also 
studied. Amongst the amino acids, trj^ptophane is known to be 
essential. According to w’ork done elsewhere, this amino acid ia 

A.H.-^88a 
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not found in the prolamine, a characteristic cereal proteid found in 
the sorghum plant. Laboratory studies at Coimbatore with Peria- 
fmnjal cholam, a local variety, however, showed that prolamine 
obtained from this cholam variety contained tryptophane. This 
was a very interesting finding because in other countries sorghum 
fodder is not commonly used by stock-owners, while in many of 
the districts of Madras State, sorghum straw is the main roughage 
for cattle. The results of the laboratory investigation are there- 
fore valuable since they indicate that our cattle which are fed on 
sorghum straw are not starved for their tryptophane supply. 

Silage investigation . — ^During tlie years 1929-39, the bio- 
chemical changes occurring when green sorghum fodder was con- 
verted to silage were studied. It was revealed tha4 in the first 
three months as much as 30 per cent of the original matter is 
lost but there was no further loss even after eight months. During 
the first three months again there was a rise in the acid content, 
the amino acids produced by fermentation reaching a maximum 
value during that period. There was a total loss of 16 per cent 
proteid in the original content and it was indicated that a period 
of 3 months is more than enough to complete a silage process. 
Without undue disturbance and by preventing entry of air into 
the material it was found that silage could be preserved without 
loss of nutritive value for nearly one year. 

Protein reduction and carbohydrate increase in diet. — Accord- 
ing to accepted principles of animal nutrition, depending upon the 
age and condition of the animal and the work it produces, a certain 
amount of carbohydrate, fat and proteid have to be included in the 
diet. While carbohydrate and fat are only energy suppliers, pro- 
tein supplies mainly materials for tissue building, although in the 
process it (;an also supply energy. From this it would appear that 
an animal on a submaintenance level of protein might be enabled 
to do work if in place of the proteid it is supplied carbohydrates in 
excess. An actual experiment was done in lt>4'0-41 to test the 
jKissibility. An animal with only 75 grams instead of 100 grams 
digestible proteid required for maintenance was given 1,200 grams 
of sucrose during periods of work, but the results showed that 
inspite of feeding large quantities of easily available carbohydrates, 
there was increased nitrogen excretion, showing that there was 
tissue break down. This was confirmed by excretion of sulphur 
and phosphorus. The investigation therefore showed that there 
is no advantage gained by increasing carbohydrate and reducing 
proteid in the diet. 

Improving palatability of coarse straws . — In Coimbatore dis- 
trict bajra straw is not fed to cattle as it was not relished by them. 
Feeding trials were therefore started in 1946-47 to investigate |he 
possibility of feeding it along with other straw. The experimental 
animals were given the same feed in the beginning as the controls 
except that bajra straw was slowly substituted in instalments in 
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place of sorghum straw, starting with 25 per cent in the first week 
and ending with 100 per cent bajra straw in the sixth week. Live 
weights periodically recorded showed no difference between the 
experimental animals and controls. It w^as shown that bajra 
straw could be utilized as fodder vvitliout deleterious effects. 

Another line of investigation was to improve the palatability 
by previous fermentation of the straw. Treatment with alkali 
has been found to improve the nutritive values of straw by raising 
their starch ecjuivalent and causing a greater assimilation of car- 
bohydrates and minerals. Alkaline treatment is, ho^vever, costly 
and an attempt w^as made to see if this could be replaced by com- 
posting. Bajra straw’, molasses and ammonium sulfdiate respec- 
tively as starters w^as composted in cement concrete tubs for tw’o 
months. At the end of the period, the fermented straw had the 
colour of silage, though the smell of acetic acid was prominent in 
the molasses compost and uric acid in the ammonium sulphate 
compost. Four animals under experiment w-hich received 
70-75 lb. of this as wet products per day each were found to be 
liealthy in condition. Laboratory analysis however indicated that 
there was no improvement in the nutritive value of compost over 
that of tlie original straw. Economically, therefore, composting 
IS not feasible and the better method will be to gradually accustom 
the animals to bajra straw instead. 

Treacle aft dirt for dairy animah . — Coimbatore is an important 
sugarcane grow'ing and jaggery ])r()ducing centre and during 
jaggery boiling season, tliere is a prevalent practice of including in 
the ration of dairy cattle the treacle obtained from the pans. It 
is claimed that this increases the yield of milk. Actual experi- 
ments, however, w’ith treacle used as part of ration for dairj^ cattle 
did not show any improvement either in the yield or in the quality 
of milk. 

Improving hreeding hullft by a change of diet . — A rather 
interesting instance in wliich the Government Agricultural 
Chemist had to do an experiment for increasing the potency in 
breeding bulls may find mention here. In 1929, the Deputy 
Director of Agriculture, Livestock, brought to the notice of the 
Chemist instances where breeding bulls refused to serve cows. 
Two such buffalo bulls and one Kangayam bull were actually sent 
from Hosur to Coimbatore for an experimental study. As a first 
step, the concentrates wdiich the animals w’ere receiving were cut 
by half and they were given work regularly. In addition, they 
were given daily IJ lb. of sprouted sorghum seed and one lb. 
iVheat bran. In the course of six months, it was noticed that the 
animals became quite effective for service and looked improved in 
condition* The idea behind the supply of sprouted sorghum and 
wheat bran was to assure sufficient germ to provide the fertility 
factor. 
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Human nuLrition . — Mall is tlie term given to the product 
obtained from cereal grains by germinating them under controlled 
conditions of moisture and temperature. During the genninai- 
tion of a seed, certain biochemical changes are brought about by 
the enzymes present in the seed material which become active 
under the conditions favourable for germination. As a result of 
these chemical changes the complex food materials in the endos- 
perm like protein and carbohydrate get broken down into simpler 
compounds like polypeptides and soluble sugars. These simpler 
compounds are easier to digest and assimilate so that it is easy to 
see tliat infants, invalids and persons with weak stomachs could 
find it an advantage to take properly prepared malted grain in 
place of the whole grain. It is this principle that is utilised even 
in our own country in the indigenous preparation of redgram 
dhall for the market. Tledgram (Cajaniis indicus) smeared with 
moist red earth for one or two days and then cleaned has always 
a higher value in the market than the unprepared stuff. There are 
certain places in the Madras State like Tirupathur in Salem dis- 
trict where with empirical methods this process of preparation of 
redgram dhall has been developed almost to perfection. Wrest- 
lers, boxers, gymnasts and atheletes generally take as their first 
meal in the morning a liandful of Bcngalgram soaked over night 
and it is considered that this is essential to keep them in fit con- 
dition. Sprouted pulses made tasty with salt and lime juice form 
one of the items of the menu for many religions feasts. All these 
go to show that the principle of malting has been utilized although 
its rationable was not correctly understood. 

Malting has been perfected to a very high slate of efficiency in 
other eountries. Barley is the cereal mainly used and every one is 
today familiar with the patent infant and invalid foods like Hor- 
licks, Benger, Mellins and so on. All these have as their basis 
Barley malt to which has been added milk powder, sugars, glyce- 
rophosphates and vitamins to make them complete and perfect 
foods for the convalescing patient. 

Barley is not an important cereal of Madras. As a matter of 
fact excepting on a few acres in Nilgiris it is not grown anywhere 
else. But the possibility of utilising the other cereals especially 
sorghum and ragi for preparation of malt has been engaging the 
attention of the Agricultural Chemist from as early as 1916. As 
a result of several attempts in the laboratory several products 
obtained from cholam malt similar to the imported foods were 
manufactured in the laboratory. These of course were not ideal 
to be compared with Horlicks but these early laboratory attempts 
showed the possibility of utilising Madras cereals for Malt manu- 
facture. As a matter of fact so good was the impression created by 
the exhibition of the labortary samples in the Madras Park Pair 
Exhibition of 1917 that one of the few gold medals given that year 
was awarded to the Agricultural Chemist for the samplee of 
malted foods exhibited, 
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While the laboratory investigations thus showed the possibili- 
ties of using Madras cereals for malt production, in 1926, a 
collaborative study was taken up with the Industries Department 
on the prospect of developing it as a large scale industry. The 
earlier investigations were continued on a semi-industrial scale at 
Coimbatore and it was demonstrated that malt of good quality 
could be manufactured on a large scale. 

Private enterprise was not, however, forthcoming to take advan- 
tage of the results of research and for several years the Department 
had to be content with propaganda on the method of malt manu- 
fseture. If the production could not be taken up as a large scale 
concern at least it could he developed as a cottage industry and it 
was on this asjiect that work was done for the next few years. A 
fool-proof method with easy-to-follow charts and flow sheets were 
developed and whenever possible through leaflets and through 
demonstrations in public exliihitions and in schools, attempts were 
made to popularise malt production in the home. 

In tlie meanwhile furtlier scientific work to develop and 
improve the technirjue was being continued and a scheme financed 
by the Indian Council of Agricultural Kesearch in 1936-38 made 
several investigations possible. The several stages in the proces- 
ses of malting were studied in detail, like steeping, couching, poli- 
shing, kilning and powdering. It was indicated by these studies 
that the best results were obtained by steeping for a period of 
24 hours, couching for over a week and kilning at a fairly low 
temperature so that the diastase is not destroyed. The Research 
Engineer whose help was also taken in these investigations was 
also able to design a polishing machine suitable for the removal 
of husk. 

Whereas previously it has been found that it was not possible 
to preserve cholain malt for more than three months without 
deterioration, it was found during these latter investigations that 
malt can be packed in vaccurn tins without loss of aroma and 
without deterioration for nearly three months. 

With cholam malt as basis, successful attempts in tlie labora- 
tory were furtlier made to prepare foods of the type of Ovaltine, 
Malt extract and results showed that in cupric reducing power 
cholam malt was as good as Bengers. It was also establisht'd that 
malt could be used in the preparation of biscuits, cakes and bread, 
increasing the taste and digestibility of these products. Experi- 
ments with other cereals were also successful and it was shown 
that blending of mall foods from two or more chosen cereals could 
be utilised to reduce the fat content and deterioration of the pro- 
duct. 

With the possibility of malt production from sorghums being 
thus established, experiments were also done at the Animal Nutri^ 
tion Section, by feeding malt to rats. Malt was also supplied to 
hospitals and nursing homes to ascertain medical opinion. The 



1224 MEMOIRS OF THE DEPARTMENT OF AGRICULTURE, MADRAS 

results were all encburagiug, so that in 1939, when at the time 
of the War, there was demand for malted foods from the front, 
the Madras Government started a Malt factory at Coimbatore for 
the manufacture not only of malt food, but of malt extract 
enriched and vitaminised with shark liver oil. 

A detailed account of this factory will be found in the Chapter 
on Agro-Industries. 

Analytical data on vegetables and fruits . — Along with other 
analytical studies, the examination of the composition of several 
Indian vegetables has been a regular routine feature of work in 
the laboratory of the Government Agricultural Chemist for several 
years. Bazaar samples which vary much in condition are not 
used for these analysis. Vegetables grown on tlie Central Farm, 
Coimbatore, supplied the material and since they are grown on the 
same soil and under identical conditions, the figures of analysis 
give a correct estimate of their relative food value. 

A statement of the analytical data so obtained is furnished at' 
the end of this chapter. 

Among the beans, Goa beans are richer in protein and lime 
than cluster or French beans. Of the gourds, bitter gourd is 
richer in phosphoric acid and proteins than snake or ribbed gourd. 
All the gourds are poor in lime. 

Tomato ripe is about 50 per cent richer than the raw in protein, 
phosphoric acid and lime, while the lime content is double that of 
raw. Ladies finger is as good as bitter gourd in proteins and 
phosphoric acid but contains three times as much lime. 



Analysis op Vegetables. 
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CHAPTER 25. 

AGEO INDUSTBIE8. 

Malt and malt products— The Government Malt Factory, Coim- 
batore — ^Buildings, equipment, production — ^Malt food, malt extract — 
Analytical standards — ^Training centre — Cost of production. 

Ergot of rye — Preliminary experiments — Rye cultivation and 
fungus inoculation at Nanjanad— Schemes sanctioned— Suitable 
localities in Madras— Cost of production. 

Food yeast manufacture — Early experiments in the mycology 
section — ^The laboratory plant — Manufacturing process — Chemical 
composition of yeast sample — ^Pilot plant — Future possibilities. 

Annato dye — ^Early trials and final method evolved for manufac- 
ture of dye from Annato seeds. 

Starch and starch products from tapioca and arrowroot — Utili- 
zation of groundnut husk — Activated carbon — Preparation from 
groundnut and paddy husk— Vegetable oils from inedible oil seeds — 
Tobacco seed oil — ^Press mud and Its utilization — Pectin from tama- 
rind seed — manufacture of nicotine insecticides. 

The main aim of the Madras Agricultural Department has been 
to increase yield of crops by the adoption of improved varieties, 
cultural methods, manuring practices and proper soil management. 
At the same time, every opportunity has been taken advantage of 
to explore the possibilities of utlization of agricultural produce, 
both raw materials and bye-products. Items relating to such 
investigations have been mentioned in several chapters wherever 
there was a relevancy for reference to them. In this chapter, 
“ Agro. industries ”, will be found those investigations which have 
gone beyond the laboratory stage and which are now being run on 
an industrial basis, as definite activities of the department. 

Malt and malt jrroducts — Government Malt Factory, Coimba- 
tore. Malted foods and Malt Extracts are important constituents 
in modern diet and form a part of almost all invalid and baby 
foods. The Malt industry may, therefore, be classified as one of 
the vital industries of great national importance as it caters to the 
needs of children and sick people. 

Malt is utilised in the manufacture of several patent malted 
foods and pharmaceutical preparations. It is used in the manu- 
facture of malted milk, beverages, caramels and confectionery. 
Extract of malt is used as diastatic agent in textile industry. 
Malted grain after extraction is a useful concentrated cattle feed. 
The Malt Industry in India is still in its infancy. The Govern- 
ment Malt Factory at Coimbatore is the only one of its kind in 
India, where malt extract is manufactured on a commercial scale. 
A few pharmaceutical concerns, however, produce small quantities 
of Malt Extract for their own use. The bulk of our requirements 
of malt^ and farinaceous foods is imported from other counta’MS. 
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The quantity and value of pre-war and war-year imports are given 
below : — 

Imports of Malted Foods and Farinaceous Foods (including 
Infant Foods). 

Yea. 1 !) 37 -:W. 11188-39. 19311-40. 1910-41. 1941-43. 1942-43. 1943-14.* 

QuanUtT In 379,339 428,275 3(18,275 371,1:12 437,312 24,050 9,835 

pounoB. 

Value In 74,11,330 76,7rt,141 8,53,283 84,73,300 94,74,43M 17,02,030 n,68,06« 

rupeei 

* Fall in imports due to war. 


The magnitude of the imports proves the popularity of these 
foods and the necessity for improving the infant and invalid food 
industries in our country. 

When any cereal grain is subjected under controlled conditions 
to the various processes of soaking, germination and drying the 
resultant product is known as ‘‘ Malt During the process of 
germination the food material of the seed is converted into simpler 
substances for the nutrition of the seedling. The conversion 
products being soluble in water afford proper nutrition to the 
young seedling and are suitable as food for babies and sick people 
with weak digestive powers. 

Backcjround and brief history, — Malt is generally prepared 
from barley, which is not available to any large extent in South 
India. Investigations were, therefore, undertaken by the Govern- 
ment Agricultural Chemist, Coimbatore, to ex]>lore the possibilities 
of utilizing cereals available in the Stale and to develop the malt 
industry in order that at least a p(M’tion of the requirements of 
malted foods may be met from local manufacture. As a result of 
these investigations it was possible to undertake production of malt 
food and malt extract from sorgluim on a large scale at the Govern- 
ment Malt Factory, Coimbatore. Tlie inv(»stigations w’ere 
commenced during the first World War of 1911-18. The scientific 
and practical results of the investigation were ready by 1917 and 
cholam malt products were for the first time exhibited at the 
Great Madras Exhibition in 1917. 

Subsequently in 1921, the interest in malt products was revived 
when Government ordered that experimental work should be 
carried out for manufacture of malt food and malt extract on a 
fairly large scale and provided special plant and staff. The 
Government reviewed the work carried out and was convinced 
that it was possible to produce malt food from sorghum, but 
decided that it should be left to private enterprise to take up the 
manufacture on a commercial scale. The results obtained showed 
the need for further detailed study of the chemistry of malting of 
sorghum and a scheme was sanctioned by the Indian Council of 
Agricultural Reseai-ch in 1935 for three years for this purpose. 
Ihxnng the tenure of the scheme an intensive study of the oondi- 
fims required for the proper malting of cholam was made« 



1228 MEMOIRS OF TME DEPARTMENT OF AGRICULTURE, MADRAS 


Samples of malt food prepared were subjected to clinical tests in 
several Government hospitals of the State. The reports received 
from the hospitals indicated that it was suitable for infants, invalids 
and convalescents and that it was specially indicated in gastro- 
intestinal disorders. 

Government Malt Factory . — In 1941 at the commencement of 
World War EE, interest was again stimulated in the manufacture 
of malt products owing to the total lack of imports of malt foods 
from abroad, and the need for making substitute foods in this 
country from indigenous material. At the instance of the Supply 
Department of the Government of India, the Government of 
Madras undertook to put up a plant for the manufacture of malt 
food and malt extract with shark liver oil, and assigned the work 
to the Agriculture Department which had previous experience in 
the methods of malt manufacture. The Government Malt Factory 
at Coimbatore started production of malt food and malt extract in 
1942 on a pilot plant scale. This having proved successful, further 
modifications were introduced and units required for large-scale 
manufacture were designed and built out of locally available 
material. Owing to war conditions, great difficulties were experi- 
enced in getting together the necessary equipment and almost all 
the units had to be designed and fabricated within the State. 
Large-scale production started in November, 1943 though the entire 
plant could be completed only at the beginning of the year 1946. 

Buildings and equipment . — The buildings were put up at a 
cost of Es. 65,000 and the plant and machinery at a coat of 
Es. 1,60,000. The buildings consist essentially of two large sheds 
for the production of malt food and malt extract, store rooms, 
machine room, boiler shed, one stirring room, one set of office 
rooms, fumigation chamber, silo, drying platform, grain godown, 
and five couching rooms. The machinery and equipment con?*-t 
of air conditioning units for couching rooms for working at 
65°-67°F., steeping vats, polishers, roasters, grinders, sieves, 
copacking equipment, steam jacketed 50 gallons pans, centrifuges, 
vacuum filters, vacuum stills and auxilary equipment like vacuum 
pumps, boilers, stirrers, one set of four units of pilot plant, storage 
racks and all essential tools. 

Malt food . — ^The Malt Factory was in operation at the begin- 
ning for the manufaure of malt food only and the manufacture 
ning for the manufacture of malt food only and the manufacture 
was a straight malt food without the admixture with milk, sugar 
or flavouring substances and was meant to replace the infant and 
invalid foods like “ Horlicks,” etc., when used with added fresh 
milk. The keeping quality of this product in large-scale manufac- 
ture was, however, very poor and the off-take by the public also 
was disappointing with the result that its manufacture had to he 
stopped from August 1946. In order to improve the keeping quality 
of the product and keep it free from insect attack a series of experi- 
ments on. the method of packing were conducted. Investigations 
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showed that pre-treatment with heat at 60° C. for 10 minutes, prior 
to packing in C02 gas, will secui-e destruction of all stages of insect 
life. Another serious defect was f lie onset of rancidity on storing 
even for short {leriods. The raw material sorghum, unlike barley, 
contains a high percentage of fat which probably turns rancid 
during storage. 

The process employed in the manufacture of malt food is briefly 
as follows : — 

Sorghum seeds of high germination capacity (above 85 per 
cent) are cleaned, steeped in water for 24 hours and allowed to 
germinate in the couching rooms for four to five days on wire 
gauze trays. During the process, the enzyme breaks down the 
starch into easily assimilable sugars. After germination, the 
malted grains are sun-dried to green malt which is polished, 
roasted, ground and sieved. The fine powder is called " Malt 
Food ”. 

Malt cj'tract . — With the unavoidable stoppage of malt food 
production, the machinery and labour were utilized for the pro- 
duction of malt extract, which was in demand by the Medical 
Directorate. Malt Extract prepared from sorghum is a standard 
article and tias been found to be an excellent one. The malt 
extract is fortified with high ixitency shark liver oil to give a 
guaranteed \itamin A content of 200 J.U. and vitamin. 

Manufacture of malt extract requires expensive machinery and 
careful supervision. Green mult mixed with an equal quantity 
of roast malt is maslied with water at fiO^C. for four hours and 
the thin extract centrifuged and passed through vacuum filters. 
The clear filtrate is concentrated into highly viscous malt extract 
(specific gravity 1-43). This extract is blended with shark liver 
oil. 

The maximum amount of diastatic activity develops in sorghum 
when the grains are germinated for four days in a inches thick 
layer in couching trays at 65°-67”F. \ critical study of the 

various processes in the manufacture of malt extract revealed a 
number of important points to be observed during manufacture. 
It was found that the extract drawn below the standard specific 
gravity and the extract obtained wdth high mashing temperature 
have very low keeping quality and have a marked tendency to 
develop mould growth during storage. 

It was found that due to certain difficulties a filter press could 
not be used to replace centrifuges and vacuum filters for clarifying 
the mash liquid. 

The final concentration of the dilute extract must be done 
below 70*0. to avoid caramelisation and consequent undesirable 
flavour. 

A number of trials were conducted from time to time, (i) to 
reduce the cost of production either by increasing the yield of 
extract or by economising in the use of raw materials like activated 
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carbon, etc., (ii) to improve the quality of the extract by modifica- 
tions in the mashing process, and (iii) to find profitable outlets 
for the by-products. The results arc as follows. Maintaining a 
uniform temperature of 60°C. while mashing gives an extract of 
high quality, rich m sugars. (2) Sorghum malt extract manufac- 
tured at the Factory contains about 3 0 per cent protein and 125 
units of vitamin Bl per 100 grams. It contains 70 per cent 
sugars as maltose. (3) Preliminary experiments have shown 
that malt extract cannot be dried satisfactorily on hot plates or 
m vacuum ovens. A spray-drier with atomiser arrangements 
would be necessary. (4) Increasing the malt-water ratio of mash 
or prolonging the mashing time beyond the normal four hours does 
not increase the yield. (5) A second extraction of malt refuse 
with addition of fresh green malt as source of diastase is not 
economical. (6) Fine grinding of mash mixture does not increase 
the yield of extract ; on the other hand, it often leads to difficulties 
in ffitration. (7) Couching at ordinary temperature, especially 
during the winter months, is satisfactory for malt extract produc- 
tion. (8) Malt refuse is rich in carbohydrates and crude proteins 
and is, therefore, a valuable stock feed. Fairly good quality 
starch can be prepared from it by preliminary fermentation, 
alkaline treatment and lixiviation. (9) Coarse gravel in conjunc- 
tion with four lb. of activated carbon instead of the usual ten lb. 
of activated carbon per charge can be used for filtering the mash 
liquid, without adversely affecting the quality or yield of extract. 
(10) Barley malt can be used as a source of external diastase in 
the manufacture of malt extract from sorghum. 

Sales and distribution of malt extract . — During 1944-45, and 
1945-46, large quantities of malt extract were taken by the Medical 
Directorate for the Defence Department. By the end of 1945, the 
contract with the Medical Directorate was cancelled due to the 
cessation of hostilities and for the time being the only outlet for 
sales was the then agents who were just able to sell only 600 lb. 
per annum, with consequent accumulation of large stocks. With 
the Surgeon-General’s recommendation that the malt extract 
manufactured at the Government Malt Factor}' is of standard 
quality and could be used in all hospitals, there was a regular 
demand from the hospitals. The entire stock of the factory was 
sold through the various Agricultural depots in the State. The 
indents from hospitals have since been on the increase and at 
present almost all the Government hospitals and medical institu- 
tions under the municipalities and district boards take their regular 
supplies from this factory. 

The working of the Malt Factory till 1945 having shown a loss, 
the economic position of the Factory was reviewed in 1946. The 
Government decided to run the Factory for production of malt 
extract only with a target of 27,600 lb. per annum. All the non- 
essential items of buildings and equipments were, therefore, 
transferred to other officers of the department to reduce the 
depreciation charges and interest on capital outlay. Prodttotion, 
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which was at a standstill for want of sorghum in 1948, was 
restarted and regular production has been maintained. Steps were 
taken to widely advertise the product by distribution of samples, 
by cinema slides and by participating in important exhibitions. 
Samples were also sent to other State Governments for trials in 
the State Hospitals to popularise the product. 

The Government Malt Factory was constructed and equipped 
during a period beset with formidable difficulties. Tlie main 
difficulty was the soaring price of all materials used in its construc- 
tion. This necessitated a high capital outlay and consequently the 
interest and depreciation charges act as a hea\y charge on the 
profit margin. Added to this, the cost of raw materials, i.e., 
sorghum grain, fuel, shark liver oil and labour charges rose very 
sharply due to inflated conditions. Due to these, the Factory has 
not been able to run as a self-sup|X)rtiiig concern. The demand 
position at the present moment, however, is very encouraging and 
during 1949-50 the hospitals alone have taken a quantity of nearly 
20,800 lb. of Malt Extract. It is, therefore, hoped tliat with a 
growing demand and with increased production the losses will 
be wiped out and the h^acloiy run on a profitable basis. 

Malt Factory as a traininci centre . — The Government Malt 
Factory, being unique of its kind m the country, has attracted 
the attention of not only several private concerns but also of the 
Ministry of liuliistncs «and Supplies of the Government of India. 
The Food Industries Planning Panel strongly recommended that 
this institution should be converted into a training centre and a 
place for conduct of further research. Students are deputed from 
various places in India to (Ins Factory to undergo training in malt 
manufacture. 

Average analysis of rnaU extract. 

(After A.E. Leach — Food Inspection and x4nalysis.) 

Specific gravity P39— 1 *50 

Albuminoids per cent . . . . 3*12— P 90 

Maltose per cent 61*3— 65*4 

Standards for sorghum malt extract unth shark liver oil. 

Specific gravity . . . . . . 1*40— 1 45. 

Refractive index at 28®C. . . 1*4950—1*5000. 

Total solids . . . . . . 80—82 per cent. 

Total Sugars as maltose . . Above 60 percent, (generally 

65—75 per cent). 

Acidity as acetic acid • . . . 0*6 to 0*8 per cent. 

Nitrogen equivalent . . . . 2*8 to 3*2 per cent. 

Vitamin A content . . . . 200 International units of 

vitamin A pjr gram. 

Vitamin Bi 100-125 International units per 

100 grams approximately. 

Eshabks.— T hick, viscous, amber coloured liquid, having sweet rnmd 
^•fioteristio malt flavour and miscible with water in ail proportiems. 
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Pharmacopoeia Standards, 


Particulars^ 

B.P. 1932. 

U.8.P. XII. 

Sorghum maU 
extract. 

1 Miscibility 

Miscible with 

water in all 
proportions 
forming a trans- 
luscent solu- 

tion. 

Soluble in cold 
water, but more 
readily soluble 
in warm water. 
Aqueous solu- 
tion is clear 
and deposits a 
voluminous 
flocculent preci- 
pitate upon 

standing. 

Miscible with 

water in all 
proportions, 
giving a clear 
solution. 

2 Specific gravity . . 

1-40—1-42 (16* 

6°C.) 

1.350—1.430 at 
25®C. 

1*40—1*45 at 

16*6*C. 

3 Refractive index. 

1*4892— 1-4976 at 
20*^0. 

•• 

1.4950— 15000 at 
28®C. 

4 Arsenic limit 

1*4 parts per 
million. 

.... 

• * a e 

5 Protein content . . 

Not less than 4*5 
per cent. 

— 

1*8 — 3*2 per cMit. 

6 Diastatic activity. 


Converts not less 
than five times 
its weight of 
starch into solu- 
ble sugars. 


7 Total solids 

.... 

.... 

80 — 82 per cent. 

8 Sugars as maltose. 

.... 

.... 

65—76 per cent. 

9 Acidity as acetic 
acid. 

— 

.... 

0*6*— 0*8 per cent. 

10 Vitamin 6i 

.... 

.... 

About 100 Inter- 
national units 
per 100 grams. 


Note. — Commercially, malt extracts are assayed for their diastatio power 
(Lintner value), but since diastase is inactive per os, no such assay is requir^ by 
the B.P, 


Cost of prodtuAion of malt extract arid moM food 


Particula/rs. 

MaU 

extract. 

MaU 

Food. 


Remarhe. 

(1) 

(2) 

(8) 


(4) 


B8. A. P. 

ns. A. 

p. 


1 Raw materials (cholam, fuel, oil, 
power, etc.). 

1 0 1 

0 12 

9 


2 Labour . . . . • . • • • • 

0 4 11 

0 5 

7 


3 Establishment 

0 1 11 

0 2 

2 


4 Depreciation, interest 

0 15 5 

0 8 

1 


5 Office expenses (correspondence, post- 
age, etc.). 

0 0 6 

0 0 

6 


6 Bottles 

0 9 6 

0 8 

0 


7 Other packing inatexiato like labels, 
pamj^ilets, etc. 

0 0 4 

0 0 

6 
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Cost of prodVfCtion of mailt extract and malt food (1945) — cont. 

Particulars* MaU Malt Re/ma/rkB* 

extract. Food, 


(1) 


(2) 



(3) 



ns, 

. A. 

p. 

BS. 

A. 

p. 

8 Packing in cases 

0 

2 

2 

0 

2 

2 

9 Railway freight within the Madras 
State. 

0 

1 

5 

0 

1 

9 

Cost per lb. f.o.r. any destination in 
Madras State. 

3 

13 

3 

2 

9 

6 

10 Deduct cost of coarse malt transferred 
for extract production. 




0 

10 

9 

11 Add profit at 7^ per cent 

0 

4 

7 

0 

2 

4 

Cost per lb. f.o.r. any destination in 
Ma^as State including profit. 

4 

1 

10 

2 

1 

1 

12 Add commission to sole agents at 
(i) 10 per cent for malt extract 

0 

6 

7 

. 

n 


and 







(ii) 15 per cent for malt food 




0 

5 

0 

Total . . 

4 

8 

5 

2 

6 

1 


Notk. — ( 1 ) The above data is based on an average monthly production of about 
2,000 lb. of malt extract and 800 lb. only of malt food. 

(2) Raw materials include cholam, coarse malt, firewood, charcoal, activated 
carbon, shark liver oil, essence, water and electricity supply. Cholam, firewood 
and shark liver oil are the costliest items m the series. 

(3) The depreciation and interest charges are unduly high since production 
is not at its optimum. 

(4) The cost of production is worked out on the basis of approximately hidf 
the normal working capacity of the plant. The cost of production is, therefore, 
high. 

(6) Under normal working conditions, charges diiO to labour, depreciation 
and interest, fuel, etc., can bo reduced considerably and the cost of malt extract 
with shark liver oil reduced by about 12 annas per lb. and that of malt food by 
about 6 annas per lb. 

(6) The sole prices fixed are Rs. 4 for one lb. bottle of malt extract with shark 
liver oil and Rs. 2-4-0 for one lb. bottle of malt food. These are reasonable com- 
paratively for the times which are abnormal. 

(7) There is scope for a greater reduction in the prices in normal times. 

Composition of Cholam Malt Food. 

The results of a typical analysis of malt food (80 mesh) are as 
follows : — 

Moisture 4’60 per cent. 

Acid value 18'3 m. gm. KOH per 

gram of ether extract. 

Ether extract . . . . . . 3*25 per cent. 

Crude fibre 1*23 „ 

Cold water extract . . . . 12*8 „ 

Non.— tlia oold wstar extract is often ae high aa 17'0 per cent. The aah 
eontaot ia a^nt 8*0 par eaat. 

AJtt.-— 89 
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Analysia of maU refuse. 


Moisture .. .. .. .. 1*21 per cent. 


Ash 

. . 1-28 

99 

Crude protein 

.. 11*93 

99 

• Ether extract 

. . 3*23 

99 

Crude fibre . . 

. . 2*62 

99 

Carbohydrates (by difference) 

.. 69*03 

99 

Total . 

. 100*00 

per cent, 


Insolubles 0 * 09 ^ 

Lime (Gao) 0*142 

Phosphoric acid (PaOj) . . . . 0*602 

Acid value 28*92 hlg. KOH per gram 

of ether extract. 

The malt refuse compares favourably with any cereal flour 
and may be a partial substitute for the usual concentrates. It is 
an excellent feed for milch cows. 

Ekgot of Ere, 

Ergot of rye is an important drug included in British and other 
Pharmacopoeia and used in the treatment of hsemorrhages 
especially post partum haemorrhage and certain nervous disorders 
like migraine and shell shock. Eaw ergot is a hard, dark, 
elongated sclerotium of the fungus Claviceps purpurea (Fr) Tul. 
about an inch or more in length and one sixth to one fourth inch 
in thickness. This fungus infects the ears of rye and a number of 
grasses replacing some of the grains in the ears by the sclerotia. 
Longitudinal cracks develop as the sclerotia reach maturity. 
When the crop nears harvest and during harvesting operations 
many of these sclerotia are shed and they remain dormant in the 
ground through the winter months. 

In the spring, the sclerotia begin to germinate and produce 
reddish pin-shaped structures in which perithecia are developed. 
The ascospores from these are forcibly ejected into the atmosphere 
and caurried upwards by currents of air. Some of these reach the 
open flowers of the new rye crop or other host plants and start 
infection. Ten to fifteen days later ' honey dew ' formation 
becomes evident. Pearly, viscous drops of fluid extrude out of 
the infected flowers. These drops are slighly sweet to taste and 
contain numerous conidia of the fungus in suspension. Insects, 
mostly flies, are attracted to these and they help in the tpread of 
infection. In four to six weeks, sclerotia are formed and can be 
readily recognized. 

Bye is an important grain crop in many of the European 
countries where natural infection by ergot is common. Before 
the World War No. 1, Bussia, Spain, Portugal and Germany were 
the chief countries from which ergot was obtainable. An aente 
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shortage was felt during and after the two World Wars, which 

stimulated artificial infection and production of ergot in various 
countries. 

In India preliminary experiments at artificial infection were 
made in 1942. Fresh cultures of the fungus were obtained from 
Australia through the courtesy of Dr. Magee and -Dr. Watson. 
A small area was sown to rye at the Agricultural liesearch Sta- 
tion, Nanjanad in the Nilgiris. When the crop came into flower, 
spray inoculations with the pure culture of the fungus were car- 
ried out. In a month evidences of infection were present. 
Analyses of these sclerotia by the Kesearch Ofl&cer of the Madras 
Medical College showed that the quality of the ergot was good. 
Encouraged by these results a scheme for the production of ergot 
was submitted to the Madras Government in 1942 and was sanc- 
tioned for one year. A special staff was appointed and stationed 
at the Agricultural Kesearcli Station, Nanjanad. Various experi- 
ments were started to find out tlie conditions favouring maximum 
ergot production and the varieties of rye most suitable for this 
purpose. 

It was found that rye could be successfully grown only at an 
elevation of 5,000 feet and above on the Nilgiris and that sowings 
should be conducted in April or July for obtaining good yields of 
ergot. The weather conditions prevailing at the flowering time 
and for six to eight weeks thereafter determined the intensity of 
infection. Misty or showery weather at this period was the most 
favourable. If, on the other hand, dry or rainless conditions were 
prevalent, infection was poor and the yield of ergot was low. 

At the time of sanctioning this scheme, doubts were enter- 
tained in some quarters that ergot introduction on the Nilgiris 
may be injurious in that the fungus may pa^s on to otlier cereals 
and grasses and form a source of stock poisoning. The experi- 
ments conducted on the Nilgiris set at rest all doubts on this 
score. The fungus did not pass on to many of the grasses, barley, 
oats, samai (Paniemn miliare) and Korali (Setaria glauca) when 
artificially infected. Only two grasses {Vulpia niyuros and Ave- 
nostrum asperum) took infection. Even here the spread was 
insignificant. Furthermore, it was found that several species of 
Claviceps were already present in a number of grasses on the 
Nilgiris, Palnis, Wynaad, Coimbatore, etc. 

Based on these results a scheme for large-scale production of 
ergot was sanctioned in 1944 for a period of three years and was 
further extended to J961. The object of the scheme was to pro- 
duce large quantities of ergot intended mainly to meet the require- 
ments of the Indian Dominion and to have a drug of dependable 
quality. A laboratorj^ was established at Ootacamund for the 
production of the cultures of Claviceps purpurea required for 
spray inoculation. The target of production was kept at 2,000 
to 2,600 pounds of ergot per annum. Experience in previous 
years had shown that the yield of ergot varied considerably 
depending on several factors, and at a conservative estimate rye 
grown over 90 to 100 acres was expected to give this yield. Being 

AM. — 69 a 
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a new venture to some leading ryots, a subvention of Es. 70 per 
acre for growing rye, carrying out spraying and harvesting was 
offered in order to induce them to take up ergot production. The 
harvested ergot was purchased at Ee. l-4r-0 per pound from the 
ryots. Two years later, this system was mo^fied, as the p'ofits 
available to ^he growers were not sufficient to attract reliable 
growers. The subvention was abolished and it was decided to 
purchase the ergot at Es. 12 per pound of dry ergot. The seed, 
cultures, spray equipment and technical advice were offered free 
to the growers. Neither of these methods has had the desired 
effect. It is now felt that a separate Government Farm is neces- 
sary so that all the operations can be carried out in time to ensure 
ma xim u m yield instead of depending on the caprices of growers 
who always bestow more attention on potato and vegetable crops 
than the rye grown for ergot. 

The experience over the last six years has shown that the 
Nilgiris platen and Eodaikanals are well' suited for ergot produc- 
tion. Sowings of rye have to be carried out in time to ensure the 
opening of the flowers during the monsoon and not in dry seasons, 
in order to obtain good harvests of ergot. Proper care in the 
cultivation of the crop and timely spraying with satisfactory spore 
suspensions are necessary for good infection. Yields up to 100 
pounds of ergot per acre have been obtained. Fields situated on 
the tops of hill or exposed to strong winds are not suited for ergot 
production. Low-lying areas and places where overhamging mists 
are common, would appear to be the most suitable. Since large 
quantities of water are necessary for spraying, economic con- 
siderations would demand that suitable water sources are avail- 
able in the immediate neighbourhood of the fields. Addition of 
sugar and molasses to the spore suspensions has improved infec- 
tion during certain seasons, but when optimum climatic condi- 
tions prevail, this treatment does not result in increasing 
infection. 

The cultures of the fungus are multiphed on sterilized rye 
grains. Good sporulation is evident a month after inoculation and 
such cultures are to be used for preparing the suspensions. The 
spray inoculation should be timed to synchronize with the flower 
opening in rye. About 40 to 50 bottles of culture are required 
to spray an acre eight to ten times. Gince the flower openmg is 
spread over five to six weeks, sprayings have to be carried out 
every third day to ensure maximum infection. 

At the present wage levels, the cost of production is about 
Es. 130 per acre. Assuming an yield of 20 poimds per acre, the 
grower can realize a profit of Es. 110 per acre (with taoxe profit 
if the yield is higher). The cost of production given above does 
not include the cost of the culture, spraying equipment, etc., 
which are supplied free by the Government. Ergot produi^oa 
being a speciaUzed venture, the growers on the Nilgms cuuiot 
be expected to provide these facilities for themselves* 

The efficiency of ergot depends on the alkaloids*o(mtei&i^ ill 
the Bclerotium. There are a number of these such as eiKotOKIEhie^ 
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ei^ometrine and ergotinine but the quality is determined by the 
ergotozine and ergometrine content.. The B.P. standard for the 
drug is 0-2 per cent of ergotoxine in the crude ergot. The alkaloid 
content varies with samples and depends on the strain of the fun- 
gus, the age of the product, the conditions of drying and storage 
and sometimes on the variety of tlie host plant. Ergots produced 
in different countries differ in their alkaloidal content. Spanish 
ergot which was considered to be the best, has an average content 
of 0-22 per cent, Russian ergot has only an average 0 06 to 
0*1 per cent. The quality of ergot produced in this State has been 
considerably improved. When first introduced, the average alka- 
loid content was only about 019 per rent. But by the selection 
of individual ergots having higher alkaloid content for bringing the 
fungus into culture and by utilizing such cultures for inoculation 
purposes, the alkaloid content of the produce has been stepped up 
to an average of 0-4 per cent. Application of manures to the rye 
crop does not improve the quality of ergot. 

Ergot is easily infested by insects and also spoiled by storage 
under moist conditions. When dried thoroughly in the Sun and 
stored in moisture-proof containers it can however be stored with- 
out deterioration for one or two years. It contains about 25 per- 
cent of fat. Its keeping quality is improved after defatting. 
Pharmaceutical firms process the ergot into Ergota preparata and 
Ewtractum ergoUs liquidum for oral administration and purified 
extracts of the alkaloids are prepared for injection. 

The results of tlie scheme over the last seven years have shown 
that ergot production can be undertaken with considerable profit, 
on the Nilgiris and Palanis. .Adequate technical knowledge and 
reasonable care in the cultivation of the crop are, however, essen- 
tial to secure maximum production. 

“ Food Yeast ” Manufacture. 

Yeasts are minute one-celled fungi of great economic import- 
ance. These are widely distributed in nature and generally flourish 
on sugary media causing fermentation. These are different kinds of 
yeasts used for different purposes in different parts of the world. 
Sacchoromyees cerevisice, Hansen is largely used in the brewing 
industry. A number of strains of this species have been propagated 
for the fermentation and manufacture of different kinds of beer, 
rie, etc. At one time the yeast produced in the breweries and 
distilleries was made into pressed yeast used in bakeries, but at the 
present time compressed yeast is specially cultivated in aerated wort. 
A more satisfactory product is obtained by this method and supplied 
to bakeiiM. 

* Pood yeast ’ is obtained from a type of non-spore-forming. 
yMst and the product represents the ^ed cells of Tortdoj^ 
vtilia. This is rich in high class protein and is also one of the 
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best sources of the vitamin B complex. Brewer’s yeast also con- 
tains these substances, but the ‘ food yeast ’ is preferred for nutri- 
tional purposes on account of its superior flavour and palatability. 

The use of special forms of yeast as food is not new. The 
Germans are reported to have manufactured annually thousands 
of tons of food yeast during the two World Wars for the supply 
of protein to their people. Interest in the possibilities of food 
yeast manufacture has been evinced by other countries also in 
the hopi of improving the dietary of the population. Food yeast 
is of particular value to the people in the tropics whose staple food 
consists of highly polished rice, highly milled maize and other 
starchy food stuffs, all deficit in vitamin B. 

The Mycology Section initiated experiments on the manufac- 
ture of food yeast by cultivating it on wort made from sugarcane 
molasses following the method adopted at Teddington by Theysen 
in the year 1943. A small laboratory plant was set op, being 
rigged op with the available equipment, not entirely ideal. The 
culture of the fungus was obtained from TeddiUgton through the 
help of the Head of the Division of Mycology, Indian Agricultural 
Besearch Institute, New Delhi. The molasses required for the 
preparation of the culture medium were purchased from the East 
In^a Distilleries, Ltd., Nellikuppam. The equipment used in 
this early stage for aeration of the wort was anything but satis- 
factory and consisted of an iron tube with radiating arms at the 
bottom, the arms being pierced by fine holes. 

Marked success was, however, achieved even with such 
methods and food yeast of a good quality was produced, which 
was highly appreciated by medical and nutrition speciahsts. 

Analyses of the food yeast have given the following composi- 
tion : — 


FEB OBNT. 


Moisture . . . . 8*23 

Ash . . . . . . 11*51 

'Crude protein 43*63 

Ether extractives 0*76 

Crude .fibre .. .. 0*28 

Carbohydrates (by difference) . . . . 36*69 


Total . . 100*00 


The vitamin assay of the samples by the Director, Nutrition 
Besearch Laboratories, Coonoor, gave the figures noted below : — 

Thiamin . . . . . . 36*3 n gm. ■pet gram. 

Nicotinic acid 124*6 ft gm. per gram. 

Bibofiavin was not determined but is known to run pacalkl 
to nicotinic acM values. 
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The process consists of inoculating the culture medium with 
live food yeast and aerating the medium for a period of eight hours. 
During this period the yeast multiplies and grows utilising the food 
materials in the medium. Very little of alcohol is formed during 
the process. At the completion of the fermentation the yeast is 
dUowed to settle and separate from the supernatant liquid. The 
cream-like sediment is contrifuged and is repeatedly washed to 
remove all unpleasant odour. The sludge is removed, passed 
through a vermicelli press, dried at 50° C. and then powdered. The 
washed cream can also be passed through a roller drier and the dry 
powder collected. 

A sample of the molasses to be used is analysed to find out the 
gugigr content. The molasses is clarified and sterilized. The 
sterilized molasses is drawn into the fermentation vat and diluted 
with water to bring down the concentration of sugar to 0-50 per 
cent. Measured volumes of ammonium phosphate solution (pre- 
pared by mmng together aqueous solution of ammonium sulphate 
and aqueous extract of double super-phosphate in definite propor- 
tions) is added to the molasses solution to supply the nitrogen 
and phosphorous requirements of the yeast. Seed yeast is mixed 
with the wort using about one per cent by weight of wet yeast. 
The wort is then aerated, by forcing filtered air through ceramic 
aerators kept near the bottom of the vat. Air is forced out in 
very fine bubbles producing a foam-like effect which has given 
better results than when the wort is aerated through tubes with 
bigger holes. 

During the fermentation, acid is formed and the wort tends 
to become more and more acidic. The best results are however 
obtained if the reaction of the wort is maintained at pH 4*8. In 
order to keep the reaction at this level liquor ammonia is usually 
added to the wort. Experiments conducted at Coimbatore have 
however shown that if a continuous flow of a solution of ammo- 
nium carbonate of known strength could be kept up, the reaction 
would remain constant at the required level. The optimum tem- 
perature was found to be 30” C. It is advantageous to add the 
molasses and ammonium phosphate in three charges at two hours’ 
intervals than in one lot. The seration is continued for eight 
hours after which the wort is allowed to settle. 

An outturn of 11 to 14 per cent of dry yeast on the quantity 
ot sugar used has been obtained. In other countries a much 
higher outturn has been reported. Besearch is in progress to devise 
ways of increasing the outturn. 

Based on the results of the laboratory plant a pilot plant has 
been installed to work out the economics of food yeast produo- 
ti(m. Thb plant has a capacity of producing six to seven pounds 
of dry yeast per day. The fermentation vats are made of alu- 
mixdum. This is not ideal as aluminium is liable to get corroded 
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in a short time. Stainless steel equipment would be more satis- 
factory. The production costs can be reduced to a large extent if 
the manufacture of food yeast is carried out near a sugar factory, 
as this will reduce the transport charges on molasses. 

Clarification of molasses before sterilization leads to improve- 
ment in the production of yeast. Several methods were tried and 
the lime process gave the most satisfactory results and could also 
be easily adopted. Trials with different periods of duration of 
seration showed that eight hours leration gave the maximum 
production. 

It has been reported from other countries that commercial pro- 
duction of food yeast is piofitable. In the pilot plant at Coimbatore 
the cost of production works out to nearly Rs. 3 per pound which 
is rather high. But as already stated, if the manufacture is under- 
taken as an adjunct to a sugar factory, the overhead charges and 
transport charges can be considerably reduced and the cost of pro- 
duction can be brought down and yeast made available at a cheap 
price. The produce from the pilot plant at Coimbatore is being 
used by several hospitals and individuals. The present production 
is barely sufficient to meet the demands of three or four hospitals 
in Madras and the mofusil. 


Annatto-dtb. 

Bim Orellana L. (the source of Annatto-dye) is a quick grow- 
ing plant developing into a large bush or a small tree. Its original 
home was in Tropical America but it is now grown in Godavari 
district concentrated in the neighbourhood of Tuni. Stray plants 
can be seen in other parts of the State having been in^oduced 
mostly by the Agricultural Department. It can be grown at 
different altitudes ranging from sea level to 2,600 feet. (Kallar 
and Burliar) but thrives well only in a humid climate. A deep, 
loamy soil is preferred. It is propagated from seed and starts bear- 
ing from the third year onwards. Mature trees yield more. An 
average yield of 5 cwt. of seed per acre can be expected. 

Clusters of capsules with fieshy spines are formed at the ends 
of branches. When dry these fruits burst and expose the bright 
crimson coloured seeds. The latter have a fleshy crimson covering 
which yields the dye. The fruits are collected when nearly ripe, 
dried and the seeds extracted. The seeds are dried and wld as 
such as ‘ annatto ’ seeds. But sometimes the fresh seeds are 
pressed into annatto paste or cakes- The dry seeds are prefeired. 

This dye is extracted by soaking the seeds in olive oil (80 oe. 
seeds in 8 oz. olive oil). It is red in colour and soluble in alcohol 
and alikaline solutions. The dye is used for colouring silk and some- 
times butter and cheese. The dye is fugitive. 
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Experiments conducted at the Agricultural Besearch Institute, 
Coimbatore, on the different methods of extraction of dye for colour- 
ing butter have shown that sesame oil, ghee, groundnut oil and 
coconut oil are capable of extracting the dye. The oil extracts are 
not, however, comparable in dyeing power to the imported dye when 
added to butter. Furthermore they impart a bad flavour. Other 
solvents were also tried. Strong extracts were obtained by the use 
of aqueous solution of ammonia. Glycerine and solution of borax 
and sodium bicarbonate dissolved less of the dye. The ammoniacal 
extract proved to be the best. It was prepared by rubbing the 
required quantity of annatto (extracted from the seed by steeping 
it in 1 per cent solution of sodium carbonate) for 24 hours and then 
rubbed in a mortar, washing repeatedly with further portions of the 
alkali until all colouring matter is removed ; the coloured solution is 
next strained and enough of dilute hydrochloric acid is added to 
this to precipitate the dye; the precipitate is filtered, dried m an 
oven and crushed in a mortar with a small quantity of strong 
ammonia. This is filtered and a clear dye solution is obtained. A 
preservative such as chloroform is added to prevent mould growth. 
Drops of this are added before pasteurizing the cream and good 
results are obtained. Being a vegetable dye it may be safer to use 
this in place of synthetic ones for colouring butter, cheese and other 
food products. It is however doubtful if it can stand competition 
against synthetic dyes for colouring textiles. 

Starch and Starch Products. 

Commercially starch is obtained from various sources. Cereals 
(like maize) and potatoes contain large proportion of starch in the 
grains or tubers respectively; but except in certain countries they 
are more often consumed as such for food and not utilized for the 
manufacture of starch. Other plant sources are, however, utilized 
for the preparation of starch. The most important of these, culti- 
vated in South India, are tapioca (Manihot utilissima Pohl), West 
Indian arrow-root (Mara^ita arundinacw L.) and East Indian 
arrow-root. (Curcuma aggustifolia Boxb). The Sago palm (Ar^ngra 
saccharifera Labill) of Malaya is cultivated in some parts of India 
and is the source of sago. 

Tapioca . — ^This is cultivated in many of the districts of the 
State of Madras and Cochin-Travancore. The plants are raised from 
cuttings. Several varieties are grown. The tubers of all the 
Varieties are reported to contain a cyanogenetic glucoside, but the 
sweet varieties are preferred as being less harmful. Large quanti- 
ties of starch are present in the tubers. The yield of tubers from 
an acre has in some cases reached 30,000 lb. These tubers are 
used directly as food after boiling. Various other preparations are 
also made out of them. The tubers are scraped, washed and then 
.converted into pulp by mechanical contrivances (passing between 
rollers, etc). The starch present in the pulp is then washed out 
in changes of water, decanted and dried. The starch thus obtained 
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is of a greater degree of fineness than when the roots are directly 
powdered. This starch is sometimes converted into pearl or ballet 
tapioca which is used in place of sago. In the manufacture of this 
type, the crumbled starch is transferred to hammock-like contriv- 
ances of canvas, about 4 feet by 2 feet in size, suspended from the 
roof or a frame and rocked to and fro regularly. This causes the 
starch grains to adhere into small pearls and when the required 
size is attained they are poured out. The material is later graded 
by passing through galvanized iron sieves. This product is now 
prepared to a large extent in Salem district. 

Maranta arundinacea (West Indian Arrowroot) which is a 
native of Tropical America, is now cultivated in parts of Malabar. 
A good rich soil and plentiful supply of water are necessary. 
Clusters or rhizomes are formed at the base of each plant. These 
rhizomes contain up to 20 per cent of starch. The rhizomes are 
washed well and scraped with a knife to remove the rind. They 
are then converted into pulp and thrown into a vessel of water. 
The fibrous portions are again pulped and washed in water. The 
milky fluid obtained from these washings is strained through coarse 
cloth and allowed to settle. The supernatant liquid is drained 
away and fresh water added to tlie sediment. This is stirred well 
and strained through a finer cloth and allowed to settle. The 
clear liquid is drained off and the white sediment is removed and 
dried on sheets of paper. The resulting powder is the arrowroot 
starch. 

Curcuma angustifolia is an indigenous plant resembling turmeric. 
It is largely grown in the West Coast and the Circars. At the 
Saidapet experimental farm 3,944 lb. of tubers were obtained from 
an acre. But at Araku Valley only 900 lb. of tubers were harvested. 

The method of preparation of starch from the tubers is on the 
same lines as in Maranta. One pound of starch is obtained from 
8 to 10 lb. of tubers. 

Arenga saccharifera Labill is a native of Malaya and yields the 
true sago. It is not very common in this State. Two attempts 
were made to grow this palm at the Agricultural Eesearch Station, 
Kasargod, but on both these occasions the seeds failed to germinate. 

Utilization of groundnut husk. 

Groundnut husk (Peanut shells) is a waste product which is 
obtained when the nuts are shelled. Groundnut being one of the 
major crops in the State, groundnut husk is available in plenty in 
localities where the nuts are shelled. At present, the [^ells are 
mostly wasted, though in some localities it finds a read^ use as 
fuel for boilers and brick-kilns. The shell ash which contains about 
1-5 per cent of potash and 3 per cent lime is used as a manure. 
Groundnut husk is sometimes applied to heavy soils espedally in 
paddy lands under wet cultivation to improve the physical texture 
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of the soil. The application of husk is said to be particularly bene- 
ficial for alkaline soils in some localities in this State as it is said 
to correct alkalinity to certain extent. The beneficial effect may 
be attributed to the fact that the application of the busk makes the 
soil more open, thus ensuring better drainage. This may help in 
washing down the injurious salts to deeper layers. 

The Agricultural Department carried out a few items of work 
as a preliminary investigation on the possibilities of utilizing ground- 
nut husk. 

Manurial value . — Samples of groundnut husk received from 
Tindivanam and Guntakal were analysed for their manurial value. 
The results obtained are given in Statement I. 


Statement I. 




Tindivcmam 

Chintakal 



acunple. 

aampU, 



PER CENT. 

PER OBMV. 

Moisture . . 


10*^2 

4-93 

Loss on ignition . . 


84-82 

88-26 

Insolubles . . 


• . 2-36 

3-56 

Nitrogen . . 


1-23 

0>99 

Phosphorio acid (PgOb) . • 


0*16 

0*14 

Potash (K 2 O) 


0*54 

0-47 


Utilization of groundnut hush as a bedding for cattle . — A few 
experiments were carried out at the Agricultural Research Station, 
Nandyal, on the utilization of groundnut husk as bedding for cattle. 
The results of analysis of manures obtained by the loose box and 
byre system are given in statement below : — 




Loose lorn. 

Byre. 

Moisture 

• • • • 

44-60 

30-80 

Loss 00 ignition . . 

. . . . 

36^62 

57-34 

Insolubles 

. . > • 

10*10 

9-60 

Nitrogen 

• • • « 

1-10 

1*24 

Phosphorio acid . . 


0-42 

0-39 

Potash 

. . • . 

1-68 

3-16 


Compost making . — Groundnut husk along with other waste 
materials like prickly-pear, cotton waste, etc., was tried as a basic 
mAtenals in the preparation of compost. Fifty pounds of bone-meal, 
200-800 lb. of half-fermented cattle manure and a small amount 


of urine were used per ton of ‘the dry material to supply enough 
quantity of nitrogen and phosphoric acid to accelerate fermentation 
and hasten the decomposition of the basic materials. The results of 
analysis of two composts prepared in this way are given in the 
following statement : — 

Priekly-pmr Cotton mutt 

and ground- mnd ground 

nut husk. nut huak. 


IbiitaN .. 
Low en Ignition 
XoMloblM 

Fboi^iwrio add 
7otMli 


30*99 

12-45 

13*25 

46*23 

44*25 

36*82 

0*87 

1-42 

0*37 

0-92 

0*22 

Ml 
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Preparation of activated carbon from groundnut husk . — ^Trials 
conducted to investigate into the possibility of utilizing groundnut 
husk for the manufacture of activated carbon showed that it was 
possible to prepare good quality active carbon from the husk. 

The method first adopted was to soak the husk in one to two 
per cent solution of caustic soda for one week, then to wash it free 
from alkali, dry and char it. TJie powdered and sieved charred stuff 
was heated in closed pipes at 600®-700°C. for eight hours. It was 
then again washed and dried. The active carbon thus prepared 
compared favourably with that prepared from paddy husk. 
Although the product obtained in laboratory scale trials was satis* 
factory, large-scale trials did not yield satisfactory results. 
Subsequently treatment with zinc-chloride was substituted in place 
of caustic soda (1 : 1 ratio). The powdered husk was soaked in 
zinc-chloride solution for six hours, charred and heated for two 
hours. The resulting product was found to be even superior to 
activated carbon prepared from paddy husk. Starting with 100 gms. 
of the husk, 50 gms. of activated carbon was obtained. The 
method, however, was not economical. 

Groundnut husk as a dunnage material . — -As a dunnage material 
in groundnut godowns groundnut husk has shown itself superior to 
other materials like paddy husk, railway cinders, etc., now in use. 
The groundnut husk is found to provide a soft bedding material 
and the bags stacked on it do not get damaged to the same extent 
as on others. 

The lines on which investigations on the possibilities of utilizing 
groundnut husk may be carried out are given below : (a) as a 
roughage in prepared cattle food, (b) as a diluent in fertilizers, 
(c) as a bedding for cattle, (d) as a fuel under shelling plant boilers, 
(e) in the production of magneisa plaster, tiles and fibre concerete 
in place of saw dust and wood chips, (/) as a polishing medium in 
tm plate manufacture, (g) in the manufacture of explosives and as 
a source for pentosans and for the manufacture of acetone, alcohol 
and acids and (h) as a source of cellulose. 

Vegetable oils from inedible seeds. 

Tobacco seed oil . — The seeds of tobacco (Nicotiana tahacum) 
contain an oil which was not being extracted on any appreciable 
scale in India. The Madras Agricultural Department has con- 
ducted investigations on the extraction and use of this oil. 

Virginia tobacco is grown in Guntur and neighbouring districts 
on an area of over 125,000 acres. This is freely allowed t6 seed. 
An average yield of 175 lb. of seed is obtained from an acre. 
Though the use of the oil as a salad oil and for the preparatioii of 
varnishes, etc., had been known in Europe for a long tune* in 
India most of the seed was till recently being burnt as fuel. But 
the results of the investigations carried out by the departmtfit 
showed that the oil could be profitably extracted from rae seeda 
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and that it could be used for cooking, for burning and for soap- 
making. It could also be utilized in the manufacture of paints 
and varnishes. The cake has been found to be an excellent cattle 

feed. 

An outturn of 9,800 tons of seed capable of producing 2,450 
tone of oil per year can be expected from the Circars. The oil is 
extracted by crushing in country chekkus or rotary mills. Another 
method of extraction consists in powdering the seeds in mills and 
later crushing the powdered material in screw presses. 

The seed contains 33 to 38 i>er cent of oil and 25 per cent can 
be extracted in country chekkus. The cold drawn oil is thin, light 
yellow and of an agreeable smell and taste comparable to gingelly 
oil. The hot drawn oil is slightly bitter. The oil is free from 
harmful substances like nicotine and has a specific gravity of 
0-9282. 

Economic utilization of press mud — Press mud as a fertilizer . — 
The mud can be used either as such or after the extraction ot 
wax. Only the sulphitation mud is useful for composting and not 
carbonation mud even though the latter has a low C : N ratio 
(11 : 6 ) while the former has a high value of 31 for C/N. Among 
the various methods of composting, the hot fermentation process 
is said to be the most economical. The loss of dry matter recorded 
was nearly 25 per cent and the resulting compost contained 1-2 
per cent nitrogen. 

Owing to the high P 2 O 5 content of the press mud, its appli- 
cation at 5 to 10 tons in the dry form per acre to soils deficient 
in phosphates, has proved beneficial- Press mod, as it contains 
both Ps06 and N. constitutes a complete fertilizer. The lime and 
organic matter present therein definitely improve the soil tilth. 

Organic solvents. — Preliminary experiments with press mud 
have shown the presence of sulphur compounds in some of the 
fractions obtained by the dry distillation of the mud. It would 
appear that a solvent for the cane wax is among the fractions 
obtainable. 

Other products from press mud. — Press mud forms an ingredi- 
ent in the briqueting of molasses with begasse, etc. The addition 
of press mud inhibits moisture absorption and thus stabilizes the 
briquettes. The briquettes prepared from a mixture of molasses, 
coal dust, begasse and press mud form an excellent source of fuel 
in the factory. They are also easy to handle both during transit 
and in the factory- 

Manufacture of yeast and of a vegetable gum substitute is also 

posailile. 
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Some commercial uses of pectins in general. — ^Tamairmd seed 
is a valuable source of pectin or protein-like compounds which are 
used in the manufacture of adhesives, emulsifying agents for essen- 
tial oils, gelatinizing agent in food products, ingredients of jam, 
jelly, candy, etc., also in the preparation of greaseless ointments, 
as a filler in soap industry, for thickening rubber latex, and above 
all in textile industry as an ingredient for viscose spinning 
solutions. 

Separation of pectin. — The seed coat is not easily separated. Bo 
the seeds are parched on hot sand taking care not to char them. 
Then they are pounded and winnowed. The cleaned kernel is 
washed well with water and then soaked in and rubbed with a 
thin paste of lime. It is then washed, dried in the sun, and finely 
powdered (to pass through 80-100 mesh). The oil can be removed 
by soaking in petrol. A thin paste of the above material (ratio 
of 1 : 10 with water) is poured on to 30-40 times its weight of 
boiling water and boiled for 30 minutes, cooled and strained through 
cloth. This can be bleached by SOj. A whitish liquid is thus 
obtained, which on centrifuging deposits a finely suspended fibrous 
matter and a large proportion of the albuminoids. The solution is 
separated from the above and concentrated under reduced pressure. 
It can also be dried by passing over a steam heated surface- This 
material is pure enough for most of the purposes. 

Manufacture of 40 ver cent nicotine as a solution of nicotine 
sulphate in water. — The maximum extraction can be achieved by 
steam distillation of a mixture of tobacco and lime. The extraction 
will be economically complete in one and a quarter hour. The spent 
tobacco will have a nicotine content of approximately 0-45 per cent. 
This method is applicable to tobacco containing a minimum of 
nicotine of 1'5 per cent. The economics of the process are entirely 
dependent on the cost of production of steam or cheapness of fuel. 



CHAPTER 26. 

LIVESTOCK, DAIRY AND POULTRY. 

Livestock improvement— Breeds of cattle— Ongole, Kangayam, 
AUunbadi— Lines of improvement— Chintaldevi Farm— Hosur Cattle 
Farm — Cross-breeding with English breeds— Buffaloes— Murrah 
breed, work at Coimbatore and Lam Farm, Guntur— Feeding trials 
and standards — Rations for cattle — ^The dairy industry— Milk produc- 
tion in the State— The Coimbatore College Dairy— Records of pedigree 
and milk yields— Ghee production and standards— Bacteria in 
milk— Sheep breeding— Bellary breed, Bikaneer breed, cross-breeding 
for improid^g quantity and quality of wool— Poultry work— 
Early breeding studies at Saidapet — ^Import of breeds from abroad — 
Poultry units at the Agricultural Research Stations. 

Introduction . — India possesses the largest cattle population of an}’ 
country in the world. The total cattle population of India is esti- 
mated at 245 millions, w’hile it is 58 millions in the United States 
of America, 65 millions in the United Sociahst Soviet Republic and 
only 7 millions in Great Britain. So far as Madras is concerned 
the total cattle population according to the cattle census taken m 
1944 was 22 milhons (22,644,239;. In addition the State has 40 
millions other hvestock, comprising over 10 milhon sheep, six 
milhon goats and the remaining under horses, ponies, mules, camels, 
and pigs. This total number is greater than that for any other 
State in India and is about one-fourth of the total number of live- 
stock in India. 

Agriculture in this State is mainly dependent on cattle labour. 
Cattle are required for cultivating milhons of acres, for lifting watC'- 
from wells and for transporting agricultural produce from the field 
to the market. Milk, though important, is a secondary considera- 
tion. The Royal Commission on Agriculture in India had observed 
that “ in most parts of the world cattle are valued for food and for 
milk; but in India the primary purpose of the cattle is as draught 
animals for the plough or the call;. Without the ox no cultivation 
could be possible. Without the ox no produce could be trans- 
ported.” 

The productive value of the livestock industry in India is not 
commensurate with the numbers because of the poor quality of the 
Indian cattle. ” India having acquired so large a cattle population 
and the' size of the animals in many tracts having fallen so low, 
the task of reversing the process of deterioration and of improving 
the livestock is a gigantic one. But on improvement of cattle 
depends the prosperity of agricultural production. Poor cattle affect 
agricnltnral efficiency. Bad bullocks lead to bad cultivation and poor 
tetoms. The poor return in turn leads to their neglect by the lyot 
tnd the cattle deteriorate further. 



1248 MBMOIBS OP ’EHE DEPABTMBNT OF AGBIOUMUEB, MADBA8 


The two important factors in cattle improvement are feeding 
and breeding. The Eoyal Commission on Agriculture stated t^at 
“ no substantial improvement in the way of breeding is possible 
until the cattle can be better fed ’In this State, it has been 
estimated that 90 per cent of hvestock depend upon arahle land 
and its bye-products and only 10 per cent have access to forest 
grazing. The fodders available in this State are mainly straws 
of cereal crops, residues of leguminous crops, grasses from natural 
pastures and dried forest grasses. Oil-cakes, cotton seed and bran 
form the concentrated feed for cattle. The Madras State is deficit 
in all these items which are imported from other States for feed- 
ing cattle. Fodder-growing for feeding livestock is not generally 
practised owing to the long-established agricultural practices and 
does not find a place in the usual rotations. This is due to the 
fact that there is pressure of the population on the land and the 
pressing - need for the production of food-crops as a first charge 
upon the agricultural economy of the State. The operations of 
the Agricultural Department have demonstrated the possibility of 
the successful inclusion of a fodder crop in rotation in places where 
irrigation facilities are available. With the propaganda and the 
technical help given by the Agricultural Department, ensilage of 
grass, improvement of natural pasture lands, introduction of peren' 
nial fodder grasses and fodder crops, etc., contribute to the attempts 
made for improving the feeding of livestock in this State. The 
"Provincial Fodder and Grazing Committee has also initiated 
several schemes aiming at the improvement of feeding facilities 
for the livestock. The Forest department offer certain grazing 
facilities in Government forests by which stock owners are given 
concessions in the matter of grazing their stock in the forest areas. 


Before mentioning the work done on breeding of livestock, it 
is necessary to understand the existence of certain well defined 
breeds of cattle. Madras can boast of three good breeds, the 
Ongoles, the Kangayams and the Alambadies. The EAngayam 
breed in Coimbatore district, and the herd of the Pattagar ol 
Falayakottai in particular, have won all-India fame as examples 
of careful breeding. The Ongole is a dual-purpose animal useful 
both for draught and milk. The breeding tract of the Ongoles is 
Guntur and Nellore districts. The Alambadies form a good breed, 
though poor milkers. The breeding tracts are Kollegal taluk in 
Coimbatore district, parts of Salem and borders of Mysore State 
chiefly along the banks of the river Cauvery. The Hallikar bleed, 
the chief member of the Amrit Mahal cattle of Mysore, has iti 
centres of breeding in Tumkur, Hassan and Mysore districts. 
other minor breeds of cattle in the, State are (i) the Barghur bill 
breed foimd in Bhavani taluk in Coimbatore district, (ii) the 
Pulilmlam or Jellicut breed found in Madurai district, (iii) tibe 
Tanjore polled cattle found in sotttibem parts of Tanjore and (bfj 
the West Coast cattle which are a class by themselves. 
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In the direction of improvement in cattle-breeding, the first 
and foremost action taken by the department was the appointment 
in 1916 of a separate wholetiiiie officer designated as Deputy Director 
of Livestock. Then followed the establishment of stock-raising 
farms. To i mprove the Ongole breed, the Cliintaldevi Cattle 
Farm was started in 1918. Another farm for breeding 
buffaloes was opened near Guntur in 1923 and a third for Hallikars 
and Kangayams was established at Hosur m 1924. The broad 
lines on which the work in the livestock section was carried on 
may be stated as (i) management of stock farms in localities 
which good breeds of cattle existed, (ii) preservation in such fai:ms * 
of valuable strains of indigenous cattle and the distribution of good 
stock therefrom, (iii) formulation of systematic measures to 
improve the draught and milk qualities of cattle by selection and 
crossing and (iv) the formation of milk record societies and investi* 
gation of several other problems connected with milk. The chief 
activity in the districts was, among others, the distribution of good 
breeding bulls of known pedigree to individuals, societies, munici- 
palities, district boards and Veterinary Hospitals, under the 
‘ Premium ’ scheme, with the object of improving the local cattle. 

A detailed account of the achievements made in the feeding 
and breeding aspects of livestock, sheep and poultry by the Live- 
stock section of this department up to 1938, when it was transferred 
to the Animal Husbandry Department, is given m the succeeding 
paragraphs. 

The Ongole breed , — The weakest link in the livestock industry 
of the State is the paucity of breeding bulls. The Dralimim 
bulls dedicated to temples on the death of rich people and the 
animals maintained by a few people, specifically for breeding pur- 
poses, are the only male breeding stcxjk. They are on the whole 
few in number and do not meet the full requirements. The demand 
is met to an extent by the scrub bulls and the immature bull 
calves in the villages. This is not satisfactory. It was therefore 
proposed to encourage the maintenance of breeding bulls and as 
a first step, cattle farms w^ere proposed for producing breeding 
bulls and for the improvement of stock. The first of these farms 
was started at Chintaldevi in 1918, for the improvement of the 
Ongole breed of cattle. 

Chintaldevi is an interior village in Kavali taluk of the Nellore 
district and is 38 miles by road from Kavah Eailway station- 
Chintaldevi has the influence of both the south-west and the north- 
east monsoons, which are erratic in this part of the country. The 
rains fall in some years while pouring in others rendering the season 
unpredictable. Hower, cattle throve very well here, in the farm. 

The farm started with a foundation stock of 46 cows and 6 
breeding bulls. Irregular breeders and poor milkers were weeded 
ont year after year and 25 cows of the foundation stock were 
fifially retained. The cows were reared carefully and unthrifty 

00 
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heifers were sold off. The best heifers were mated to selected 
balls and it was programmed to build up good stock' by rigorous 
culling combined with selected and careful mating. 

After 13 years of selection work, stock was taken of the per- 
formances of the farm-bred animals to measure the volume of 
improvement. The average daily milk yield had risen from 9*8 lb. 
to 11'6 lb. The highest milk yield of farm-bred stock was 7 ,190 lb. 
in a lactation, with a daily average of 21-5 lb., against 5,422 lb., 
and 14-1 lb., respectively of the foundation stock. Ten farm-bred 
animals yielded over 5,000 lb. of milk m a single lactation. 

The average dry period of the foundation stock was 177 days 
and that of the farm-bred stock was 147 days. Heifers calved ai 
the age of three years and four months, when compared to four 
to four and a half years of the village-bred animals. Side by side 
with these improvements it was seen that the farm stock had loose 
horns and weak legs, and the factors that induced these defects 
could not be determined. The fodder production in the farm 
was not satisfactory and the farm was closed in 1932 as a measure 
of retrenchment. The farm stock was transferred to Lam Farm m 
Guntur district where a nucleus herd is maintained. 

Some Ongole animals were taken to Hosur to see bow they 
would fare there. The general level of milk yields got reduced. 
Calves at birth weighed less and the bulls did not attain the same 
stature and finish finally, as at Chintaldevi. 

The Kangayam breed . — This is the next important breed of 
the Stale, bred in Coimbatore district. The breeding of the Kangu- 
yams was taken up at the Livestock Research Station, Hosur, 
in 1925. The foundation stock of 170 cows was purchased during 
the years 1925 and 1928, with the object of buil ding up a herd 
breeding true to type and good at draught work, and of producing 
breeding bulls for distribution in the villages. The improvement 
of milk yield without any impairment of the draught qualities was 
also kept in view. The Kangayam animals throve well at Hosur 
and responded to good feeding and there was a slight improve- 
ment in calving intervals, from 16 to 14 months on the average 
and in milk yields from a daily average of 6-2 lb. to 6-6 lb. The 
bulls were fit for breeding at two years and six months. The 
general feeding was grazing and a little hay ; cows with calves at 
foot were given some concentrates also. Kangayams appear to 
be the most economical animals to breed at Hosur. Breeding 
bulls are being distributed from Hosur widely over the southern 
districts of the State year after year. 

The Sindhi breed . — The Sindhi breed comes from the sontll- 
westwn parts of Sind and is one of the best dairy breeds in the 
country. The cows are good milkers and the buUooks are fiife 
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draught animals, slow but steady at work and capable of pulling 
heavy loads. A nucleus stock was introduced at Hosur in 1988 
with the object of producing and supplying cows for City milk 
supply. The animals did well at Hosur, even on scanty rations. 
They do well almost all over the State and are found to be capable 
of adapting themselves even to the trying heavy rainfall conditions 
prevailing in the West Coast. About 70 animals formed the 
foundation stock, which gave a daily average milk yield of 11-9 lb. 
The yield was maintained at this level by the farm-bred stock also. 
The herd is being used for production of breeding bulls for supply 
to the districts. 

Cross-breeding at Hosur . — The indigenous cows are poor milkers 
and City milk supply requires the maintenance of heavy milkers for 
the production of milk at economic levels. It was considered that 
by mating the indigenous cows with bulls of European milk breeds, 
a cross-bred high-yielding stock could be built for City milk supply. 
Pedigreed Ayreshire bulls were imported and mated with Sindhi and 
Saniwal cows. Later the cross-bred bulls and cows of the same 
generation were mated, first generation bulls and cows together, 
second generation bulls and cows together and so forth to maintain 
60 per cent of the imported blood for maintenance of milk qualities 
and 50 per cent of the indigenous blood for maintenance of resist- 
ance to diseases and adverse hot climatic conditions, in the resulting 
stock. 

The experiment on cross-breeding was done at the Military 
Dairy Farm, Bangalore, from 1910 to 1923. The Livestock 
Research Station, Hosur, acquired 32 cross-bred cows from the 
Military Dairy Farm in 1923 and continued the cross-breeding 
work for some time. During the course of the experiment, 222 
calves were born, 27 in the first, 60 in the second, 97 in the third, 
35 in the fourth and 3 in the fifth generation. Out of the cross-bred 
calves, 106 died of pneumonia, enteritis, rinderpest vaccine reaction, 
johnes disease, blackquarter and pvroplasmosis, in the order of their 
incidence. Even the second and third generation calves did not 
grow as vigorously as the first generation and there appeared to be 
a progressive decline in vigour. This was attributed to the weaning 
of the calves at birth and hand-feeding them artificially, probably 
at the wrong temperature and with incorrect amounts. The young 
calves were subject to scour, from which they recovered rather 
slowly. Ringworm was also troublesome and responsible for 
retorted growth. 

Surplus bull calves were sold or castrated and used as work 
animals. Cows poor in milking and irregular in Ih-eeding, were 
eliminated from the herd. F 1 cows, that is cows of the first 
generation crosses, calved on the average at 32 months of age, F 2*8 
of 87 months, F 3*8 at 38 months and F 4*8 at 36 months. F I’s 
gave an average of 6,021 lb. of milk per lactation, F 2’8 3,296 lb., 

a.ii.~-90a 



1^4 MSSMOmS OF THB DfiPABTHENT OF AOBIOUI/TUBE, llA&ttAi 

F 36 3,626 lb. and pure Sindhies maintained under similar condi- 
tions lor comparison gave 3,431 lb. Tbe average daily yields of 
milk from the first to the last calving, inclusive of dry perio^ 
were 12-7 lb. 10-5 lb, 104 lb. and 7-2 lb., respectively for the 
above classes of animals. Cross-bred animals gave on the whole 
3*2 to 6 ’6 lb. of milk a day more than the pure Sindhis over 
their entire milking life. 

Though the first generation cross-bred animals were heavy 
milkers, subsequent generations tended to revert to the originud 
Sindhi parent type in milk yield. The adult cows had a general 
satisfactory appearance, and were not subject to udder trouble like 
their original Sindhi parents Many of the cross-breds did not 
retain the first or second service and in spite of it their dry periodi 
were less than that of the parental indigenous Sindhis. Bulls of 
the second and third generations developed weakness about the 
hind parts, a knocking of the hocks and a general falling off m 
level behind the shoulders. The cross-bred bulls were however 
good and quick at service. 

The cross breeding experiments may be said to have given 
some valuable general guidance for the future. Improvements of 
stock requiries the elimination of a large number of animals not 
coming to the standards laid down and cross breeding work was 
hampered and limited by the few animals under the experiment. 
The cross-bred bulls were very disappointing. They had no humps 
practically, a serious defect from the point of view of the ryots, 
though they worked as well as the indigenous bullocks in Govern- 
ment farms. The cross-bred cows and calves could not stand 
on subsistence rations available under village conditions. The 
cross-bred cows were, however, economic milk producers and this 
is also the opinion of the Madras city milkmen. The milk yields 
and size of the cross-breds tended to revert to the level of the indi- 
genous parent stocks after a few generations. Taking all factors 
into consideration, cross-breeding was abandoned as not being 
successful. 

Cross breeding experiment at Hosur was a failure. Un- 
controlled breeding with European stock is capable of doing 
irreparable damage among the existing local cattle. Yet, the 
possibility that Indian milch cattie might be improved by judicious 
mating with suitable breeds of European cattle at the hands of 
experienced breeders, is not to be ruled out. 

Buffalo breeding . — ^Buffaloes are popular in South India, ia. 
view of their importance as producers of rich milk and ghee. 
Though the proportion of the buffalo-cow population is nearly 
1 : 2, buffaloes account for more than half the milk production in 
the State. In view of this, steps were taken to improve the 
buffaloes from the early years. Murrah buffalo breeding buQa 
were maintained at the Agricultural College Dairy, OoimbatorA! 
from 1917 onwards and used for serving the local buffaloes of 'tbs 
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villages round about. The influence of the Hurrahs on the size 
and milk yield of the local bulfalo stock is distinctly visible. A 
number of Hurrah buffabes and bulls were also imported in 
course of time by private individuals at Coimbatore and they are 
helping to improve the local buffalo stock. 

A buffalo breeding station was started at Lam, near Guntur, 
in 1923 and the Hurrah herd at the Coimbatore College Dairy was 
transferred to Lam. New Hurrah stock also was acquired for the 
station with the object of grading-up the local buffaloes, and pro- 
ducing better milkers and larger sized work animals. The station 
is being continued and cross-bred buffaloes of varying grades could 
be seen all over the Guntur district. The average milk yield of 
the Hurrahs at the station is 4,800 lb. per lactation. The maximum 
individual record is 9,600 lb., with a daily average of 18*9 lb. of 
milk. 

The Premium Scheme . — Livestock Research Stations were 
staited with the object of raising good breeding bulls for distribu- 
tion in the villages. These stations were limited in number and 
size and could not meet even a small fraction of the demand for 
breeding bulls. It was considered essential that private individuals 
and corporate and local bodies should be encouraged to maintain 
breeding bulls. Grants were made to local bodies for the purpose, 
on the number of breeding bulls maintained. This was not satis- 
factory in all the districts. In non-breeding areas the bulls were 
not maintained properly ; the people had not the requisite know- 
ledge and experience. Another defect noticed was that the bulls 
were distributed over wide areas and not concentrated and limited 
to definite zones, so much so the influence of these bulls was not 
very apparent. 

A number of bulls approved by the Agricultural Department 
originally, and later, after 1938, by the Tiivestock and Animal 
Husbandry Department were maintained under the scheme. The 
bulls had to serve the cows of the neighbouring villagers also and 
perform a certain minimum number of services each year to entitle 
theih to the premiums, which were paid in cash after verification 
of the entries made in the register of services maintained for the 
purpose. All these have helped to an extent to encourage people 
to maintain bulls specifically for stud purposes. The number of 
breeding bulls in the country to-day is less than what is required 
and the development of artificial insemination of cows as a method 
of getting over the paucity of breeding bulls remains to be 
explored. 

Indian Herd Book.?.— rAs a preliminary to the establishment of 
ABUndia Herd Books and for recording the main characteristics 
of the principal Indian breeds of cattle therein, the Indian Council 
of Agricultural Research asked the local Government in 1935 to 
collet authentic information about the principal breeds in this 
State. It was considered that ‘ Kangayam ’ and ‘ Ongole * breeds 



1258 MEUOIBS OF XHB DBPABTMBNT OF AOBIOUIjTUBB, MADIUS 


were the important breeds worthy of registration and information 
about these two breeds was furnished to the Council in December 
1935, as also the following ranges in the sizes of the animals^ fltt 
the average, with a light permissible deviation on either aid*. 



Ongole* 

Kangayam. 

Average height behind hump 

Ball. 

Oow, 

BuU. 

Cow. 

in inohes 

58i 

62 

50} 


Heiffht at croup in inches . . 
Girth of chest in inches 

61 

64 

54 

60 

82 

68 

76 

65 

Weight in lb. . . . . • . 

Length of fore shank in 

1»250 

900 

IslOO 

SOU 

inohes 


H 

7 

7 

Milk yield per lactation in lb. 
Mazimum daily yield of milk 


2,500 

• • 

1,000 

in lb. 

, , 

15 


Not known 

Days in milk 

Frequency of calving in 

• • 

240 

• • 

150 

months 

. . 

24 

e • 

18 


studies of feed tmterials . — ^In addition to the improvement of 
animals, studies in the feeding of animals were also done with 
various materials available in the country and regular feeding 
schedules have been drawn up for all classes of livestock. The 
results of these studies are given in the subsequent sections. 

Silage . — In other countries green fodder is preserved in the 
succulent stage and used for feeding animals during periods of 
grass shortage. Green feeding material is well packed in pits, 
covered over by a thick layer of earth so as to exclude air from 
the material, and is removed for feeding when required. The 
green material undergoes certain fermentative changes in the 
beginning and later remains unchanged for long periods. The 
8»»?culency of the material is preserved and the flavour of the result- 
ing silage is fruit-like, when the preservation has been done in 
the proper manner. There is a certain loss of material by rotting 
at the sides and the top. Silage making was tried at the several 
Agricultural Eesearch Stations in the State and in certain villages 
adjoining forests, with hill grass, common green fodders and 
edible tree leaves. All these lent themselves for ensilage and 
silage making was found to be feasible. 

Silage making can be advocated to be done in tracts where 
sufficient surplus grass becomes available during the monsoon 
periods. The loss sustained in silage making was generally near 
about 30 per cent and silage making would not therefore be an 
advantage where facilities exist for converting the green grass into 
Hay. 

Concentrated ration standards . — Of the feed given to animads, 
a part is utilised for carrying on the functions of the bodily organs 
and this part of the feed is called the maintenance ration. 
feed suppli^ over and above the maintenance is used for providing 
energy for doing work, for producing milk, wool, etc., for mefclw g 
growth and for feeding the foetus in the womb. This part of the 
feed Ib called the productiye ration. The quantities of feed pjf 
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wious kinds required for the different classes of animals were 
worked out and found adequate and suitable for feeding the animals 
maintained at the various Agricultural Eesearch Stations and they 
are given below. 

It may be roughly stated that an adult cow or bullock requires 
about 15 lb. of straw, three lb. of concentrated feed, one ounce 
of mineral mixture and one ounce of common salt per day as the 
maintenance ration and that one lb. of concentrates should be 
led for every three lb. of milk produced by the cow in addition to 
the maintenance ration. 


Class of animal. 

Rations for cattle. 

1 . .1 

1 1 « 1 1 


Stick- 

ling 

calves. 

Hand 

M 

calves. 


1 

1 

5 

.o 

1 

< 

1 

1 

ii 

i 

^ 1 

1 

1 ^ 


LB. 

LB. 

LB. 

LB. 

OZ. 

oz. 

LB. LB. 

LB* LB. 

Work animals 

2 

11 


, , 

1 

1 

. « . . 

• . . . 

Breeding bulls • . 

2 

2 

'i 


1 

11 

. . • . 

. . . • 

Dry cows 

1 

1 

2 

• . 

1 

i 

• • . . 

. . 

Milob cows giving up to — 
10 lb. milk 

2 

11 

2 

1 

H 

2 

• . . . 


16—20 lb. „ 

n 

2 

3 

H 

2 

2 

. . , , 

. . . . 

20—26 lb. ,, . . 

3 


2 

3 

2 

2 

• . . . 

. . • . 

over 26 lb. „ 

31 

3 

2 

3 

2 

2 

• • 

. . 

C!ow in calf 

1 

1 

1 

2 

«> 

2 

(six weeks 

before 

Calves 1— 2 years 

1 

1 

2 


2 

2 

calving). 

e e • • 

M 0—12 months . . 

1 

i 

i 

. , 

1 

i 

. . , , 

• « • • 

,, 3 — 6 months . . 

i 

, , 

1 

i 

6 

2 6 

,, 1 — 3 months 

1 

, . 

, , 

. . 

» 

i 

. . . . 

4 3 

„ up to 1 month • . 


.. 

. . 

. . 

8 

. . 


Notb. — G ruel is made by cooking one pound of tagi Sour mixed with 10 to 12 
pounds of skim milk. Bajra may also be substituted for tagi, 

standard rations were later worked out specifically for the 
working bullocks and found suitable at several Agricultural 
Research Stations. They are given below : — 


HttHonfor 


Rations for working bullocks. 

X. II. Ill- IT. T. 

Coeonui Cotton QingtUy Oroundnut Borte- 

cako, $e$d. eak$, cake. aram 

A. , , I » ■ ..A.,,— ^ A ^ 

16. oz. lb. oz. lb. oz. lb, OZ. lb. oz. 
(a) With paddy straw as roughage (Nitrogen~-0*3 per cent). 


VI. 

IHce* 

bran. 

lb. oz. 


Ifalntsnanee .. 
Heavy work . . 
Very heavy 
work. 


8 18 11 12 1 82 
4 84 82 81 11 8 

4 14 4 14 2 12 1 13 4 



(6) With sorghnm straw as roughage (Nitrogen— 0*6 per cent). 


2 

0 

18 


Maintenance . . 1 10 1 10 0 15 0 in i 

Heavy work ..8 08 01 10 1 22 

Very heavy 8 73 71 14 i 52 

work. 



4 

1*4 


Six different rations have been given in the six columns 
numbered I to VI. Any one of them would serve as the sole 
ration and supply the necessary amount of proteins for the 
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system. It is advisable to feed a mixture of two or three of the 
Bubstauces noted, at the rate of one half or one third of the 
quantities noted against them in the statement for best results. 
Thus with paddy straw as the roughage, animals doing heavy 
work require to be fed with either four lb. eight ounce of coconut 
cake, or one lb. and eleven ounce of groundnut cake or nine lb. 
of rice bran, but the better procedure would be not to feed any one 
of these by itself but to mix all the three, taking one-third of 
each, that is, one lb. eight ounce of coconut cake, nine ounce of 
groundnut cake and three lb. of rice bran and feed this mixture. 

Miscellaneous feeding trials . — Cotton seed is used freely all 
over the State for feeding cattle, except in the city of Madras, 
where the milkmen hold that feeding milch cattle with cotton 
seeds tends to reduce the milk yields. A few tests conducted 
showed that this prejudice against cotton seeds is not based on 
actual facts and is without foundation. 

Sweet lupin seeds were produced at the Potato Besearch 
Station, Nanjanad. It is rich in proteins, but contains a bitter 
alkaloid. The study of the material by the Besearch Officer, 
Medical College, Madras, showed that the quantity of bitter 
alkaloid present in lupin was not high enough to be toxic to cattle 
and induce injurious effects when fed in moderate quantities not 
exceeding three lb. a day per animal. The lupin seeds may be 
fed in a raw state either soaked in water, crushed or powdered or 
in any other suitable manner. 

During 1944, experiments were conducted on feeding sorghum 
straw to work bullocks of the Central Farm, Coimbatore. The 
animals were of about the same size and age and they were given 
lj5 lb. of straw each per day. The straw was fed whole and 
uncut to one group of animals; a second group was supplied with 
straw cut into one foot lengths with bill books and a third group 
received straw chaffed into bits two inches in length with a chaff 
cutter. There was less wastage of fodder when the straw was 
cut or chaffed as the animals did not pull down the straw from 
the manger and soil them to the same extent as with long straw. 
The actual quantity of fodder consumed by the animals was also 
more with cut and chaffed straw. These differences were statisti- 
cally significant. Chaffing fodder may be said to be really advan- 
tageous and the following figures bear out the statement 


Sorghum straw feeding results. 



Straw 

Wastage as 

Fodder 

Inereased 

eansumgOian 

Treatment, 

wasted per 

pereeniage 

oansumed 

of straw 

animal 

of straw 

per animal 

ooerUmg 


per day. 

fed. 

per day. 

straw 


TUB, 

( » 15 LB.) 

LB* 

par day^ 
LB« 

Long straw 

S-5 

238 

11-2 


Rand out— one foot bits 

2^9 

19*3 

12*1 

a. 

Chaffed bits tiro inohes long . 

1*7 

11*5 

13*2 

2*# . 
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In an experiment, chopped hay was fed after moistening with 
one-sixth the quantity of treacle and one-third the quantity of 
water, with dry untreated hay as the control. Tlie group of animals 
receiving treacle consumed 0-3 lb. more hay per day than the 
controls and gained 0*6 lb. live wejght, over a period of 12 weeks’ 
trial. There was an indication in another test that molasses or 
treacle can successfully replace cereals in a fattening ration for 
pigs, up to one-third of the feed and promote appetite leading to 
» increased intake of feed. 

The Dairy Industry. 

Milk production in the State , — Milk is highly valued as a 
good protective food by every body. It is of special value lo the 
people of this country, who partake of a predominantly cereal 
diet deficient in proteins, fats, vitamins and mineral salts. Mils: 
hag all the essential ingredients of human food in a palatable and 
digestible form. The per capita consumption of milk is very low 
and the poorer sections of the people do not have any milk at all. 
Dairying is not an organized industry in the State. Milk produc- 
tion is a rural occupation and the bulk of the milk is produced 
and consumed in the villages themselves. The cultivators whose 
main occupation is agi'iculture, keep an animal or two partly to 
meet their own requirements and partly to supplement their 
meagre income by sale of ghee. In cities and around towns, a 
large number of professional milkmen maintain a few cows and 
buffaloes and eke out their livelihood, by selling the milk to the 
townsfolk. The animals kept for the production of milk are 
cows, buffaloes and goats. According to the livestock census of 
1944, the number of milch cattle in the State was 5,029,513 
cows, 2,919,614 buffaloes and 3,639,043 goats. There were 16 
milch animals — cows and buffaloes only — for every 100 people in 
the State. 

The milk yields of animals kept in different localities vary 
considerably. The milch cattle kept in urban areas which consti- 
tute approximately about 6 per cent of the milch cattle popula- 
tion of the State, are better than the village animals with regard 
to the production of milk. The daily average milk yield of cows and 
buffaloes kept in the Madras City has been estimated to be 8 lb. 
and 6 lb. respectively. The relatively high yield of the cows kept 
in the Madras City is attributed to the maintenance of cross-bred 
animals up to 25 per cent and Ongole animals up to 60 per cent 
of the milch stock. The cross-breds and the Ongoles are the best 
milch animals in the State. In other towns and the rural areas, 
the buffaloes are better milkers than cows and the estimate of 
their daily average milk yields are given below : — 


C0W9 Buffdloea 
(in Z6,), {in lb.), 

Bural arm 4 

Urban areas 4 5 
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To assess the production of milk, data collected on lactation 
and dry periods of milch stock are given below together with the 
percentages of animals in dry and milk periods : — 



Average 

Average 

Percentage 

Percentage 

Type of animal. 

lactation 

dry 

in 

in dry 

period 

(months). 

period ^ 
(montha). 

milk. 

periode. 

Ck>W8 

7 

8 

47 

63 

Buffcdoes 

8 

7 

68 

47 

Goftta 

4 


47 

68 


Based on the above data, the annual production of milk in the 
State has been estimated at 668 lakhs of maunds, or 9 per cent 
of the total milk production in undivided India. This is made up 
of 274 lakhs of maunds of milk obtained from cows, 279 lakhs of 
maunds from buffaloes and 15 lakhs of maunds from goats. 

The milk produced is estimated to be utilized in the following 
manner.: — 


ConBumed as mjlk 

Madt into ghee 

Do. 

curd 

Do. 

butter 

Do, 

khoa 

Do. 

ioe cream 

Do. 

cream 


QuafUtiy of 
milk in lakha 
of maunda 
per year, 

165-00 

267-00 

77-00 

300 

1-00 

0*76 

0-26 


Aa percentagee 
of total 
production, 

32-00 

5200 

16-00 

0-60 

0-20 

0*16 

0-06 


Total . . 614-00 


100-0 


The above figures emphasise tlie importance of ghee industry 
in the State. All the ghee produced is not consumed locally. 
Large quantities are exported to Bengal, Punjab, Mysore and 
Orissa. On an average the total annual export of ghee in the 
prewar period amounted to 112,598 maunds, valued at Rs. 47 lakhs. 


The College Dairy. 

The Agricultural College Dairy, Coimbatore, was started in 
the year 1907, along with the college, for giving the students of 
the college practical training in dairying and demonstrating to 
the students and visitors improved methods of making and handl- 
ing dairy products. A few Ongole and Kangayam cows and some 
buffaloes were kept and a suitable dairy building was put up and 
equipped during the next few years. Murrah baffaloes, Scindhi 
animals and cross-bred cows were added to the college herd 
gradually. The students were given instructions on the main- 
tenance, housing and management of dairy animals, the produc- 
tion of clean milk and its conversion into various milk products 
like curd, separated milk, cream, butter, cheese, ghee and so 
forth. The .dairy also supplied pure milk to the students and 
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the college staff, but this could never be done to the full require- 
ments, due to the restricted facilities available. Investigation or 
problems connected with the management and feeding of cattle, 
the production of milk, etc., was also undertaken by the staff in a 
small way, during the course of their routine work. Some of the 
problems tackled in this manner are briefly reviewed below : — 

Feeding experiments . — ilfeeding tests with cotton-seed cake 
showed that it could successfully replace cotton seed in the ration 
of milch animals. The studies could not be pursued further, as 
cotton seed cake was not readily and steadily available locally. 

Feeding tobacco seed cake to dairy animals was found to be 
feasible. The animals did not relish the tobacco seed cake so well 
as groundnut cake. The tobacco seed cake was, however, noted to 
be harmless to the health of the cattle and it did not affect the 
milk yields adversely. 

Malt refuse, a bye-product in the manufacture of malts, was 
much relished by cattle and its feeding tended to stimulate the 
flow of milk and increase the milk yield. 

Ghee production . — The economics of local ghee production 
was studied in 1918-19. The manufacture of ghee and sale of 
ghee and the bye-product buttermilk was not economical and not 
so paying as the sale of fluid milk. The ghee produced in the 
villages was therefore adulterated in various ways and the value of 
the ghee was thereby lowered. 

The local method of churning curd and making butter gave 
recovery of 6-7 per cent of butter against the recovery of 7-5 per 
cent by the use of the end-over-end churn used in creameries and 
dairies. While butter and ghee are made in fairly large quantities, 
it is advisable to use the end-over-end churn for butter making. 

Standards have been laid for the purity of ghee and its 
grading. Grading is being done under the Agmark Scheme and 
the State marketing staff enforce the regulations in respect of the 
use of the Agmark seal by merchants and graders who have 
undertaken to grade and do business using the Agmark seal. 

Bacterial in milk . — Milk is a nutritious substance and a 
favourable medium for the rapid growth and multiplication of 
bacteria that gain entrance into it. Bacteria may enter the milk 
through various sources. The milk teat canal of the cow itself 
is not free of bacteria and the milk freshly drawn from the cow 
even under the most sanitary conditions should not be expected to 
be free of bacteria. The milking shed, the vessels used in 
handling milk, the milker and the water used in the dairy for 
various purposes contribute their quota to the bacterial contami- 
nation of milk. Legal enactments in certain countries prohibit 
sate of milk not conforming to standards laid down for bacterial 
incidence in milk. 
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The milk produced in this country has generally a liigh 
bacterial population. The insanitary conditions under which 
milk is produced and the rapid multiplication of bacteria under 
the tropical climatic conditions are factors mainly responsible for 
this state of affairs. The temperature prevailing here for a large 
part of the year is about the optimum temperature for the growth 
and multiplication of bacteria. The bacterial population of milk 
goes on increasing as the milk is kept, the acidity of the milk 
increases, the milk gets sour and in course of time it gets curdled. 

The observations made at the college dairy showed that the 
afternoon milk had a lower bacterial count than the mornings 
milk. Of the several factors resixmsible, the vessels used for 
handling milk were responsible for about 75 per cent of the bacterial 
contamination. Bacterial population of milk was highest during 
wet weather and the bacterial counts were more or less parallel to 
the atmospheric humidity — temperature ratio. 

One of the suggestions often made for the improvement of 
the bacterial quality of the market milk is that milk should be 
pasteurised before it is offered for sale. It has, however, been 
noted at the Dairy Research Institute at Bangalore that pasteuri- 
sation of milk in this country is not so effective as in the Western 
countries. Some of the bacteria in milk in this country resist the 
temperature of pasteurisation and later multiply fast under the 
prevailing high temperature conditions, and it would therefore be 
seen that pasteurised milk is not any better, than unpasteurised 
milk. Pasteurisation is not effective and is therefore an unneces- 
sary process that raises the cost of production of milk. It must 
also be remembered that people in the Western countries use 
pasteurised milk without further processing. Here in this country, 
on the other hand, milk is boiled by everybody before it is con- 
sumed, and . so long as milk is boiled before use. its original 
bacterial population ceases to have much significance. Of the 
several methods of processing tried with a view to increase the 
keeping qualities of milk here, it was found that boiling the nriiHr 
for ten minutes and keeping it covered was the best. Milk so 
treated keeps sweet for about ten hours. The processing method 
is also simple and does not require any investment or change in 
the local methods of handling milk. The only point that may be 
emphasised is that milk should be boiled properly for ten minutes 
before it is used for consumption.. 

Keeping qualities of milk in transport . — Studies were made 
about the methods of transporting milk from Bangalore to Madru> 
subjecting the milk initially and during transport to several treat- 
ments and using several types of containers. The milk reached 
Madras 17 hours after miltog and none of the method triaiH 
helped to keep the milk sufficiently sweet. •, 





Plate \td\ .—Poultry unit at A.lt.S., Aduturai, 
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SfiEBp Breeding. 

Bellary is one of the important centres of wool production in 
the State. The wocl produced is coarse and is mostly used for 
carpet making. The improvement of the Bellary sheep was 
pr eliminar ily started at the Agricultural Beseaich Station, Hagari, in 
1912. The facilities for enlarging the original herd at Hagari 
were limited and a new station was started at liantanhal speci- 
fically for the breeding of sheep in 1917. The Hagari flock was 
transferred to Bantanhal and enlarged by the purchase of some 
ewes. In course of time, it was seen that there was a high 
mortality of sheep at Bantanhal. The station was closed in 1922 
and the sheep were transferred back to Hagan and later in 1925 
to Hosur, where the improvement work was being continued. 
The sheep throve well at Hosur and the average wool clip that was 
1 lb. 9 oz. at Hagari rose to two lb in 1926 and 2 lb and eleven 
ounces in 1932. The carcass also showed iniproveinent, with a 
flattening of the back and a shortening of the legs. 

The Bellary sheep are of mixed colours, with white and black 
predominating. The white wool is preferred by the trade and the 
manufacturing industries and fetch a higher price than black and ' 
other coloured wools in the market. When sheep breeding true 
to white were segregated in the beginning and mated together, the 
progeny produced were weak, unthril'ty and subject to early morta- 
lity. White sheep with black face were, however, found to be 
as good as the general stock and whites with black face breeding 
true were attempted to be bred. It was, however, seen that sheep 
with mixed colours were really the bardie, st and gaie the heaviest 
woolclip. Finally the size of the woolclip determined the breeding 
policy rather than the colour of the wool. Two rams, Nos. 127 
and 167, were selected for stud, as being prepotent and capable 
of increasing the w'oolclip of the herd. But still not much headway 
was made. 

Grading-up of Bellary sheep with Bikanir rams has recently 
been taken up at Hosur. The Bikanir sheep are hardy, give 
an annual woolclip of seven pounds per head annually, thrive in 
all parts of India and are capable of resisting dry and droughty 
conditions of climate extremely well. 

Poultry. 

Poultry improvement work had its beginning in 1868, when 
‘ Brahmaputra ’ and ‘ Barking ’ fowls were obtained from 
Sydney, Australia, for trial at the Saidapet College Farm and for 
distribution to some people in the State. Brahmaputraa were 
good egg layers and Barking hens were good mothers and both 
appeiured to get along well under the tropical climatic conditions. 
The cocks were used for crossing the village hens, to improve and 
up-grade the village stock. The two breeds showed, however, 
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signs of deterioration in the course of seven or eight years and 
fresh stock were again obtained from Sydney, but this consign- 
ment was not satisfactory and poultry work at Saidapet was dis- 
continued. 

Different breeds of poultry imported from England, as well as 
local fowls, were maintained at the Agricultural College Dairy 
from 1914. The introduced birds were in general better egglayers 
and laid 120-180 eggs per year on the average and the local fowls 
laid about 90 eggs only. Of the several breeds tried, White 
Leghorns, Khode Island Bed and Light Sussex breeds fared well. 
These three breeds alone are popular with private Individuals, 
though a few here and there maintain other exotic fancy breeds. 
White Leghorns have been noted to be the best egg layers. Bhode 
Island Beds are nearly as good as White Leghorns in egg produc- 
tion and are also heavy table birds. Some people prefer the Bhode 
Island Beds on account of their being dual purpose birds. The 
Light Sussex is also a dual purpose breed but the birds tend to 
get reduced in size, a few years after importation. If tlie size of 
the birds has to be maintained at the original level import of fresh 
breeding stock at periodic intervals has been found to be necessary. 

The exotic breeds of fowls are very susceptible to infectious 
diseases and in the earlier years before protective vaccinations 
were developed, entire flocks of exotic breeds were wiped out by 
Eaniket disease. Fowl Cholera and Fowl-pox. Local fowls were 
not so susceptible. It is advised to protect initially all the fowls 
against Baniket disease and take up protective vaccinations against 
the other two when there are epidemics in the locality. 

A second poultry unit was opened at Ho.snr in 1927. The units 
at Coimbatore and Hosur have been from their inception regularly 
supplying eggs of the improved breeds of poultry, to people in the 
State for hatching purposes. The demand for eggs for hatching 
has always been heavy and consequently White Leghorns, Fdiode 
Island Beds, and Light Sussex breeds have spread out widely in 
the State. 

Poultry units were started in 1946 at the Agricultural Research 
Stations at Anakapalli, Samalkota, Palur, Koilpatti, Aduthurai, 
Coimbatore and Bapatla with the object of evolving a cross breed 
from the country hens and White Leghorns, combining the disease 
resistance of the country fowls and the good egg laying capacity of 
the Leghorns. Work is under way at all the stations and it is too 
early to say how far the crosses evolved would successfully combine 
the desirable characters of both the breeds. 



CHAPTER 27. 


SERICULTUBE, APICULTURE, PISICULTURE AND 
LAC^ULTURE. 

History of sericulture in India— The mulberry silk-worm and 
its life history— Economics of silk production— The eri silk-worm — 
Bearing and economies — Beekeeping — ^Domestication of the Indian 
Bee— Early attempts— General habits and life history of bees — 
Management of eolonies—Pasturage— Appliances for extracting 
honey — ^Propaganda for apiculture as a side industry to agricultu- 
rists — PisicvUure — ^Kinds Of fish culture — Studies in paddy fields 
at Aduthurai— Fish rearing experiments at Bapatla Agricultural 
College. Lae cuAure— The lac insect— Life history— Host plants 
tried— The ‘ palas ' variety of lac. 

Skricultdre. 

Introduction . — Larval forms of certain groups of insects have 
the peculiar habit of producing silk and constructing a protective 
casing round themselves just before they pupate. These ai’e 
popularly known as cocoons. This habit is more pronounced in 
the case of moths. One or two species have developed this habit 
to such a degree of perfection that man has not hesitated to exploit 
them for his personal benefit. The silk in popular use is a product 
of the salivary glands of the silk-worms. It occurs in the form 
of a transparent gummy secretion which dries up on coming into 
contact with air. The worms rapidly spin this material into fine 
threads as it exudes from the glands and later weave it round 
themselves before pupation. 

The economic possibilities of silk worm rearing have been rea- 
lised in China from the remote times and the industry has been 
so popular in that country that it has served as the main source 
of the world supply. It appears to have subsequently spread to 
India and tbe use of the product as a fine article of dress came 
into vogue along with the advancement of civilization. More 
recently the fabric has been extensively used for the manufacture of 
parachutes during World War II. Minor uses of silk consist of 
adapting the silk gut in surgical operations and occasionally as an 
equipment for attaching the hooks in the sport of angling. 

In India, sericulture has been a thriving cottage industry in 
parts of Kashmir, Bengal, Bihar, Mysore and Madras from the 
early days. It is roughly estimated that about three to four mil- 
lion persons earn their hvelihood through silk-worm rearing while 
the value of the silk produced annually amounts to several crores 
of rupees. In Madras, the industry was first fostered by the Agri- 
cultural Department, but was later transferred to the Industries 
Department by about' 1922 . 
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The families of moths, viz., Bombycidae and Saturnidae are 
concerned in silk production. The Mulberry silk-worm {Bombjfx) 
mori) comes under the first category. The other species, viz., 
Attacus ricini, (the Eri Silk-worm) and Antheroea paphia and 
A. assama (Tassar and Muga silk- worms) come under the family 
Saturnidae. 

The Mulberry silk-worm, B. mori (Bombycidae). — The species 
is exclusively reared on mulberry leaves and is perhaps the most 
popular and remunerative. What little is being done in South 
India in the hue is on the Mysore plateau, as the mild and salu- 
brious chmate is congenial for the cultivation of the mulberry crop 
and for the development of the worms. The rearing of the worms 
is also practised in the Eollegal taluk which is contiguous with the 
Mysore plateau. The special feature of this species is that the 
cocoons are spun in one continuous thread which can be reeled oS 
easily. The continuity is broken if the imago is allowed to escape 
and as such the pupae have necessarily to be killed before the silk is 
reeled. The worms have been under domestication for a very long 
time and the moths are practically incapable of flight. Two varie- 
ties, viz., the univoltine, passing through only one brood in a year 
and the polyvoltine having a number of broods, exist and it is only 
the latter which is popular in South India. The moth is creamy 
white in colour and completes its life cycle in the course of six to 
eight weeks. The female lays a number of whitish seed-Uke eggs 
and the young caterpillars hatch out within ten days. The full fed 
caterpillar is two inches long, pale white in colour with a dorsal 
‘ horn ’ on the anal segment. Caterpillars nearing pupation are 
picked out and distributed in a special contrivance called ‘ Chand- 
rakhi ’, wherein they select convenient spots to spin their yellowish 
whit6 cocoons and pupate. The adult emerges in 10-12 days. 
These cocoons are taken out and stifled to kill the pupae inside. The 
details of tending these worms form a special technique and it is 
carried on with the help of a few simple equipments. One of the 
special features is that the leaves have to be minced into very fine 
strips for being fed to the young larvae, while they can be given 
in larger strips with the development and growth of the worms. 

Economics. — ^An ounce of the seed may give about 40,000 worois 
and this is about the number which a man and a juvenile can 
manage. Twenty-five to thirty-five maunds of leaves are required 
to rear this number. This stock may give about five and a half 
lb. of raw silk and two lb. of waste. The raw silk is then sub- 
jected to a series of highly technical processes before it gets the 
much prized lustre. The margin of profit was about Es. 50 -60 
during the pre-war days and hence not quite attractive, but with 
the present inflated prices, especially for the genuine stuff, the 
prospects look much beSter. 

Diseases. — These worms are exceedingly delicate and are su!>* 
ject to (toe or two fatal diseases. The more destructive malady 
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is * Pehriiie * and the disease is both hereditary as well as contagi- 
ous. It is caused by a protozoan parasite. The affected cater- 
pillars turn pale brownish and die oU m numbers. The disease 
can be controlled by the selection of disease-free eggs for rearing. 
Other diseases like Flacherie, Grassene, etc., are of minor import- 
ance and can be warded off by adhering to the elementary principles 
of sanitation. 

The Eri silk-worm — Attacus ricini. — Among the three species 
mentioned under Satumidae, the Eri silk- worm commands a 
certain amount of popularity in the South. These worms can be 
profitably reared only on leaves of castor though they have been 
observed to feed on a few other hosts as well. The special feature 
about this species is that the cocoons consist of separate strands of 
silk which have to be carded and spun and there is, therefore, no 
harm in allowing the moths to escape. This worm is a native of 
Assam and its rearing is also practised in parts of Bengal, Nepal, 
Kashmir, etc. The egg stage lasts for seven to nine days, the 
larval 17-25 days and the pupal 17-18 days, the total life-cycle 
extending to 41-52 days. These worms are fairly hardy and easy 
to rear and are not susceptible to any of the serious diseases. 

The moths are allowed to escape and the empty cocoons are 
first reversed with a special machine to remove the pupal cases. 
They are then cleaned and boiled in water for about 45 minutes 
with a little washing soda. The material is later dried, carded and 
spun. 

Economics, — It is estimated that about J ounce of the eggs 
giving rise to 4,000 caterpillars would be the convenient limit for 
a ryot. About 30 cents of land under castor may be required for 
the leaf supply. It has also to be mentioned here that the steady 
removal of the leaves would decrease the yield from tlie crop. 
These worms may give about two and a half lb. of silk, but the 
produce, being somewhat coarse, does not find a ready market. 

The rearing of Eri silk-worms was tried at Coimbatore first in 
the year 1932. Eight broods were reared during the year 1932-33 
and the bionomics of the worm and the economics of rearing them 
studied. Several members of the district staff were trained in the 
subject at Samalkota and Madras and were posted to the Agricultural 
Eesearch Stations with a view to popularise the industry. The 
response from the public has not been sufiBciently encouraging on 
account of the difficulty in marketing the produce and the interest 
in the subject therefore waned out very soon. 

Bbb Ebbping. 

Honey has been an article of household use in India from time 
immemorial either as a food or as medicine. Bulk of the supply 
was from the Rock bee — Apis dorsata which occurs mostly in 
ihe forest areas. The jungle tribes are the only adepts in the art 
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of collecting the produce but the liquid available can hardly be 
called honey on account of the extremely imperfect and unhygienic 
methods of extraction and preservation. Tiie domestication of the 
honeybee and the possibilities of extracting honey in its purest 
form were practically unknown till a'oout three or four decades 
ago. Crude methods of rearing the Indian bee — Apis indica have 
been in vogue and are extant even to-day in parts of Coorg, 
Mysore, Northern Circars, etc. Empty earthen pots are smeared 
with a little wax inside and kept in convenient and well-protected 
places like shady corners, forks of trees, etc., in the jungles during 
the swarming season. These receptacles get tenanted by stray 
swarms of bees in due course. The pots are then removed during 
nights to the residence of the villagers and left alone until the 
honey season. A certain amount of ingenuity is also exhibited 
by placing one or two smaller pots over the first one, the addi- 
tional receptacles providing extra accommodation and facilities for 
storing honey. After an appreciable quantity of honey has been 
gathered and stored by the bees, the pots are gently tilted and 
the Dees smoked out. The honey-combs are then removed one by 
one and their contents squeezed out with hands. These methods 
are crude and wasteful because of the enormous destruction of life; 
and the produce itself gets fermented and unpalatable on account of 
the unhygienic conditions. 

The earliest attempts to domesticate the Indian bee appear fo 
have been made by the Jesuit Fathers at Txruchirappalli and Shem- 
baganur, by about the beginning of this century. Small wooden 
hives were designed and swarms housed in them. Appreciable 
quantities of honey are reported to have been extracted. The 
findings of these enthusiasts published in the form of a paper in the 
Agricultural Journal of India by about 1916 was a real eye-opener 
regarding the possibilities of this cottage industry. But there was 
little or no response from the public until about 1925 when the 
Y.M.C.A. authorities at Karnanathapuram, Marthandam, etc., took 
up the popularisation of this industry, as one of the items of rural 
reconstruction. The phenomenal depression which set in by 1930 
made it imperative on the part of the Government to devise wavs 
and means for providing some occupation for the ryots during the 
slack season and thus augment their scanty income from the land. 
Beekeeping along with similar side industries liue poultry rearing, 
kitchen gardening, silk-worm rearing, etc., was considered as one 
of the possible lines for development. As there was very little on 
record on the fundamental and economic aspects of the Indian bee, 
detailed research was initiated for the first time under the Govern- 
ment Entomologist by 1931. Attention was concentrated on the 
different aspects and the following is a short resume of the results 
obtained so far. 

General habits of bees — Life history of different members . — ^Ih 
the case of a social insect like the honey bee, the fertilized queen 
is Ihe only member of the colony capable of reproducing the spec^; 




Plate 162 . — Worker Brood of A, indica. 
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About 39 worker cells go for a square inch and the queen lays an 
egg in each cell. These eggs hatch out into tiny helpless grubs in 
three days. They are fed and looked alter by the nurse bees for 
about four days when they get full grown. The cells are then 
sealed with wax and the grubs pupate inside. The pupal period 
lasts for about 12 days after which the bee emerges. The drone 
grubs are reared in slightly bigger cells (36 in a square inch) and 
their life history is more or less similar to that of the worker 
except for. the fact that the period is longer by a day or two and 
that the sealing of the cells is a little convex with a small hole at the 
centre. Queens are reared in separate cells coiisti acted along the 
lower border of the brood combs. The grubs are nurtured with 
special care and the total life history extends to about 16 days. The 
longevity of the workers ranges from 45 to BO days during the brisk 
foraging season and the span is longer during the slack periods. 
The drones live up to about 60 days. TJie normal hie of the queens 
is about three years and their average daily rate of egg laying has 
been computed to be about 500 during favourable seasons. The 
approximate population of a bee colony in thriving condition is 
likely to be over 32,000, half of which are foragers and the other 
half the nurse bees which remain msjcie the !iive and attend to 
indoor activities. The worker brood area may extend to about 
275 square inches, i.e., over 10,000 cells. Counts of the foragers 
in a prosperous colony go to show that the bees perform about 
6,680 trips for pollen and about 19/K)0 trips for nrctar iii the 
course of a day. The maximum distance to winch a hoc is capable 
of flying in search of food is a little over a mile hut tlie elective 
range is limited to a furlong or two. (Plates 182 and 183.) 

Bees respond to the climatic and weather factors to a remark- 
able degree. High foraging activity is exhibited during the 
morning between S and 10 a.m. when the temperature ranges 
from 76 degrees to 80 degrees F and the Immiditv fnun 71 to 80 
per cent. Brisk work is also evinced immediately after a 
sharp shower. Strong winds, high temperatures, cloudy and 
drizzling weather are detrimental to the outdoor activities. Bees 
were also found to exert appreciable discrimination in visiting their 
pasturage plants, the prefeience being to sources from which tliey 
were able to collect large quantities of their food materials at a 
time. The time of visit also is adjusted according to the period 
when the flowers open. It was also found that the Indian bee is 
capable of bearing food loads weighing up to about 35 per cent* 
of its body weight and this performance compares favourably with 
the capacity of the foreign bees. 

Management,— kn intimate knowledge of the domestic economy 
of the bees was gathered so as to enable the bee-keeper to gauge 
their requirement and maintain them m a prosperous condition. 
A special technique was evolved for the initial procurement of 
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colonies from their natural haunts, their aftercare and the subse* 
quent building up of their strength for honey gathering. Simple 
methods for manipulations like dividing, uniting, queen rearing, 
queen introduction, artificial feeding, etc., were adapted to suit 
the local conditions. Greater attention was devoted towards the 
solution of the problem of swarm control. The time honoured 
method was the periodical removal of the queen cells but the pro- 
cess was crude and far from perfect. Further attempts were made 
to improve the technique and the most promising lines are : (i) 
allowing the first swarm to issue and preventing further ones; 
(ii) periodical removal of brood combs to provide more egg laying 
space; (iii) improvised artificial division with the object of causing 
a temporary cessation of egg-laying and an automatic requeening 
of the original colony and (iv) interchange of the positions of 
hives to distribute the bee population, etc. All these methods 
showed various degrees of promise and the work is being continued 
to assess their relative merits and devise new ones, if possible. 
Interesting information has also been gathered on the breeding 
and foraging activities during .the different seasons, the ratio of 
the field bees and nurse bees and the consequent influence on the 
progress of the colony and the development of the swarming im- 
pulse, etc. 

Pasturage. — Considerable attention was also bestowed on this 
asnect and a comprehensive list of the bee pasturage plants of 
the State has been prepared along with their approximate months 
of flowering. The more important sources of pollen are gramina- 
ceous plants hke sorghum, bajra, maize, etc., and trees like 
Holoptelea integrifoUa, Borasses flabillifer, Ailanthus erreha and 
Pithecolobium dulce, Peltophomm. etc. Nectar is freely collected 
from cotton, tamarind, margosa, etc. Samples of honey from 
different sources were analysed chemically and were found to 
compare favourably with the foreign material. A special process 
of ripening honey, i.e., keeping the container with the honey in 
a water bath under a steady temperature of 60° C for about half 
an hour and subsequently storing it in air-tight receptacles was 
found to prevent deterioration. Some work was also done on 
the granulation of honey. Samples were forced to granulate 
quickly by subjecting them to low and normal temperatures on 
alternate days. It was also found possible to improve the con- 
sistency of these samples by exposing them to a high pressure 
under vacuum and dessication with sulphuric acid. 

Bee enemies. — ^This is another aspect which received concen- 
trated attention. Special mention must be made about the evolu- 
tion of a few simple manipulations towards the control of the 
wax moth — Galleria mellonella F. which is the most serious pest 
of honey bees all the world over. (Plate 184.) Mechanical des- 
truction of the egg masses, minimising the chances of oviposition 
on the hives by frequently changing the hive bodies and the s3i- 
mination 6f the eaterpills^ from stored combs by exposqre to a 




rialt 165 . — Homy extractor. 





Plate 166 . — Bee hive and Us parts. p. 1280 
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mild son for a short time constitute the main lines of control. 
Attempts to drive out caterpillars from the combs with the help 
of artificial heat and light have also given indicative results. 
These methods are entirely original and have definitely solved 
this problem. Equally simple measures were evolved to control 
other bee enemies like the black ant — Camponotus compressus H, 
the smaller bee-hunter wasp — Palarua orientalis K, etc. 

Appliances. — Cheap and efficient patterns of extractors (Plate 
185) were devised on the principle of the foreign models. Minor 
appUances like drone and queen traps, queen excluders, bee 
escapers, swarm traps, etc., were either devised or adapted. A 
comb foundation mill designed to prepare sheets suitable to the 
size of the cells of Apis Mica was specially ordered for and im- 
ported from America by 1989. The machine has since been serv- 
ing quite a useful purpose and has met heav>' demands from all 
over the State as well as from outside. 

Propaganda. — Advice and help were rendered to interested 
parties either in person or by correspondence. A few temporary 
schemes with a modest staff of one or two fieldmen and a few 
maistries were in force in some of the favourable localities like 
Ghittoor, Visakhapatnam, (Godavari, etc. Short courses on bee- 
keeping extending for about a fortnight were held for the benefit 
of the interested parties during February from 1935 onwards till 
1948. Departmental officers as well as amateurs were trained as 
and when necessity occurred. Appicnltural exhibits invariably 
form an attractive feature in most of the important exhibitions. 
To give a further impetus to the spread of this industry, annual 
* Honey weeks ’ were organized from the year 1937 to 1945 and 
celebrated all over the State. The section also undertakes to 
supply standard apicultural requisites to interested parties at 
reasonable rates. Free pamphlets and priced publications on the 
practical aspects of the subject are also made available to the 
pubHc. 

As a result of the continued endeavours, almost the last word 
has been said on the practical aspects of rearing the Indian bee 
under the existing conditions. This cottage industry has now 
fjylfAn a firm root as an interesting and paying proposition and 
the response from the public has been highly encouraging. Only 
about 1,000 hives were reported to have been maintained in this 
Slate by 1984. From this modest beginning, the number has 
gone on steadily appreciating by about 1,000 a year, until a maxi- 
mum bl over 10,000 was reached by 1944. (Plate 186.) With the 
fbod problem looming large as an aftermath of the Second World 
War, a perceptible decline in the interest was evident in 1945 and 
this is probably due to the activities of the department being con- 
centrated on the solution of the more important problem of food 
produi^on. But with the return of normal conditions, there is 
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plenty of evidence for the renewed interest in the subject. A gist 
of the progressive census of the hives in the State from 1936 to 
1946 and the largest figures is furnished below : — 


Year. 

Total number 
of hives. 

Year. 

Total number 
of hives. 

1936 . . 

1,008 

1942 . . 

8,749 

1937 . . 

1.764 

1943 . . 

10*266 

1938 . . 

2,892 

1944 . . 

10,173 

1939 . . 

4,323 

1945 . . 

9,088 

1940 . . 

6,999 

1946 . . 

6,860 

1941 . . 

7,630 




Total number of bee-hives in the Madras State, 1946. 

Number and name of district. Number of hives » 

North Region, 

1 North Visakhapatnam . . " 

2 South Visakhapatnam 

3 East Godavari 

4 West Ciodavari 

5 Krishna 

6 Guntur 

7 Kurnool . . 

8 Cnddapah 

9 Bellary 

10 Anantnapur 

11 Ciiingleput 

12 Chittoor 

13 Nellore 

South Region, 


14 South Arcot . . . . • . . . . • 6i 

15 Tanjore 610 

16 Tiruchirappalli . . . . . . . . . . 100 

17 Madurai 776 

18 Tirunelveli . . . . . . . . . . 838 

19 Kamanathapuram 188 

20 Salem . . . . . . . . . . . . . . 141 

21 North Aroot 41 

22 Coimbatore 894 

23 Nilgiris 167 

24 Malabar 267 

25 South Kanara . . 529 

Total . . 6,860 


Rock bee (Apis dorsata). — Some work was also done on this 
species. This bee occurs generally in the hilly sub-mountainous 
regions and is capable of storing large quantities of honey and 
in fact it is a source of income to the Ma^as Forest Department, 
under minor forest produce. These bees have a peculiar habit of 
constructing their single combs in inaccessible places and stmring 
honey and rearing brood in the same comb. They are easily 
irritable and do not, as a rule, brook human handling, not to 
speak of their confirmed migratory habits. Domestication of this 
species was, therefore, out of question and attention was devoted 
towards the evolution of better methods of extraction and {Reser- 
vation of the honey. After experimenting with 8 nnmW <rf 


308 

03 

1,3T3 

494 

1ft 

47 

3 

Nil. 

4 

Nil. 

143 

292 

36 
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devices, two patterns of honey extractors and a honey strainer 
were finally designed for extracting the honey without any contami- 
nation. The quintessence of success in the preservation of the 
material was by ripening it over a water bath at a temperature of 
60“ C. and storing it in clean and airtight receptacles. These 
processes have practically revolutionised the previous methods, 
and the samples thus treated were found to keep on without 
fermenting for indefinite periods. 

Some work was also done on the extraction of wax and it was 
found that this valuable material constitutes about 25 per cent 
of the gross weight of the combs. 


PlSCICULTDRB. 

Pisiculture or fish culture is the intensive cultivation of fishes. 
In India, fish culture has been practised in Bengal, Bihar and 
Orissa and to some extent in Travancore. For want of sufficient 
scientific knowledge and enterprise on the part of the people the 
profitable water sources in and around many ponds are allowed 
to lie waste without proper utilization. Fish culture is a potgn- 
fial and profitable industry and given the proper backing would 
prove to be of great economic importance to the country and a 
source of profit to the individual practising it. Attempts may be 
made to utilize every source of water available for growing fish. 
It is said that an acre of water space when properly farmed would 
yield better returns than an acre of cultivated land. 

Kinds of fish culture.— Fish culture can be divided into three 
kinds. (1) Marine, (2) Estuarine and (3) Fresh water. In inlands 
only fresh water culture of fishes is possible. Fresh water culture 
can be again divided into (i) Biverine (Growing fishes in rivers), 
(ii) Lakerine (in lakes), (iii) Pond culture in (ponds) and (iv) Paddy- 
cum-fish culture (cultivating fish in rice fields). Eiverine and 
lakerine cultures presuppose a co-operative effort in utilizing 
common sources of water. By individual efforts only pond culture 
and paddy-cum-fish culture are possible and they can be easily 
taken up by interested persons. 

Fish rearing in paddy fields — In the Agricultural Research 
Station, Aduihurai, Tanjore district. — There are over a million 
acres of wet land of very flat nature in the Cauvery delta which 
are under swamp rice crops from June to January every year. 

The irrigation sources are the Cauvery river and its numerous 
distributories. Water from the river is conveyed through the 
main channels from which branch channels or field channels take 
ofi and deliver the water direct into the rice fields. With the 
construction of the Mettur Reservoir, the supply has been so well 
regulated that there is hardly any dearth of supply at any time 
during the irrigation season now. With such assur^ water-supply 
for e^ht months in the year, trials relating to the rearing of fi^^ 
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in rice fields were started in 1933-34 paddy season. As indigenous 
varieties of fish including many species of carps naturally occur 
in the river water, artificial rearing of the fry was not attempted 
but precautions were taken to see that fish once entered the block 
of land selected for the experiment were not allowed to escape 
by the provision at the drainage vents of ‘ V ’ shaped bamboo 
screens which allowed entry of the fish into the rice field but not 
their escape through them. The vent through which irrigated 
water was allowed to enter the block of land was completely 
screened off by wire netting with close meshes. The provision of 
‘ V ’ shaped screen was made at the drainage vent purposely to 
take advantage of the natural tendency of all fishes to swim against 
the current. Streams of fish could be seen forcing their way 
through the narrow slit in the ‘ Y ’ shaped screen against the 
flowing water. The block of land selected was about 12 acres in 
extent with two parallel rows of fields, 14 in each row with a 
long common bund dividing the two rows of plots. The length 
of this common bund was nearly 1,500 feet running west to east. 
These fields were planted to two crops of rice during the season of 
eight months, the first crop occupying the ground from June to 
end of September and second crop from October to the end of 
January or middle of February. The fishes on entering were at 
perfect liberty to move about in all the fields of the experimental 
plot. But it was soon realized that conditions became unsuitable 
for fish to thrive when the fields were ploughed or when water 
went down in depth (below two inches) in the fields. Young 
fish particularly carps were also noticed to die in large numbers 
when temperature of the water in the fields rose beyond 36* C. 
Such high temperature prevails on almost all days from June to 
middle of September during the hours 12 noon to 3 p.m. in the 
afternoon in the unplanted fields in the delta. Within 20 days 
after planting a rice crop, the shade produced by the rapidly 
tillering rice plants was sufficient to prevent the rise of temperature 
of water in the fields and to protect the young fish from heat 
stroke. To save the fish from ill effects of the above conditions, a 
central trench of two feet in width and two feet in depth was dug 
in the place of the central long bund. The trench was in turn 
connected to a six feet wide and eight feet deep trench of about 
25 feet length at the head of the block of land to which water 
was let in for irrigating the whole block. 

At the end of the rice season in January the water-supply is cut 
off from Mettur in consequence of which the rivers, chumels and 
fields dry up with the result that the fish either perish or are 
caught by the people and eaten irrespective, of their size and 
weight. A certain number, of course, escape into the numeroos 
village tanks scattered all over the delta but a large proportion 
of the young and small fish generally perishes. The big trmich 
at the head of the experimental block served to give dielter to 
the fish and carry them over to the next irrigation season throo^ 
the dry mdnths February to May. The trench was snbseqvoBtiy. 
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widened and deepened into a fish pond occupying about seven 

cents in area; and 300 to 400 lb. of mature fish are caught and 

sold annually through the long central trench was filled up and the 
experiment of rearing fish in the rice fields discontinued after three 
seasons in 1936. 

Not only carp but other fishes mostly predatious in nature also 
get into the fields and finally into the fish pond when fish are 

allowed free entry into the fields from the rivers and channels. 

If carp alone are to be reared, artificial rearing of the carp fry will 
have to be undertaken during the irrigation season to the exclusion 
of all other kinds. 

Ophiocephalus striatatus and Ophiocephalus punctalus were 
found to breed freely in rice fields from the months of September 
to November. About 10,000 eggs are laid in a circular raft made 
by sticking together cut leaves of rice and grasses. The yoimg 
of Ophiocephalus striatatus are blood red in colour and when the 
young fry move in water the tails look bloody. Three thousand 
to four thousand young ones are noted in one brood. Of the 
carps, Labeo fimbiatus attains the biggest size. .4 full-grown 
specimen would weigh a pound while others vary in weight from 
three to eight oz. when full grown. None of these carps attain 
their full size within the eight months of the paddy season as 
none of them gave more than four oz. in fish weight during the 
time. So it is essential that the immature fish should be carried 
over through the summer to the second season in a fish pond in 
paddy fields if the maximum size or weight of the fish is to be 
obtained. 

A fresh fish pond was dug on the station and stocked with 
Gourami fingerlings in April 1940. These were fed on groundnut 
cake and when specimens were caught at the end of two years, 
many of them had attained five pounds in weight. The fish 
spawned freely in the pond which is eight feet in depth and mote 
than 600 young fry were got. 

Statement showing yearly catches of fish from a seven cent 

fish pond on the Agricultural Research Station, Aduthurai. 


Ytan. 


IS. oz. 

Faart. 


lb. 

oz. 

ies«-S7 .. 


876 0 

1042-43 . . 


323 

10 

1937-38 . . 


441 10 

1048-44 .. 


350 

1 

1938-39 .. 


235 15 

1044-45 . . 


320 

1 

1939-40 .. 


98 14 

1045-46 .. 


123 

2 

1940- 41 .. 

1941- 48 . . 


410 12 
210 3 

1046-47 . . 


237 

10 


An average harvest of 60 lb. of fish from an aore will indeed 
represent a great addition to the supply of food in the country, 
particularly so, when it is first-class animal protein. 

Work done in Bapatla Agricultural College and Veeravaram 
Farm in fish rearing. — ^Pish culture was practised at the Bapatla 
Agricultural College on a small scale for three seasons during 
to 1949. A low-lying patch of water converted into a small 
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pond 100 feet by 100 feet in area in 1946 to serve as a source of 
water to cattle and to the newly planted estate plantations, was 
expected to prove useful for rearing fish also. 

As a first trial 300 catla fingerlings were charged in the pond 
in the second week of November 1946. Water weeds like Chara 
and Vdllisneria were put in subsequently to serve as food for the 
growing fishes and these established themselves well in the tank 
within a short time. The slopes of the tank were planted with 
Gannas and other green plants for appearance and shade. Grass 
growth became thick at the edges of water and afforded shelter 
and shade for the fishes. In January 1947, 23 Gourami and 100 
Etroplus (salt water perch) were let in as varieties that would 
breed in confined water, since CaUa which is riverine in habit 
does not breed in stagnant water though it grows well. The 
fishes showed satisfactory growth within a short time and Cada 
attained a marketable size within three months. In the first year 
out of the 300 charged a total number of 277 fish were recovered 
working to a percentage of 92. A revenue of Es. 63-7-0 was 
realised with a profit of Es. 30-3-0 over the expenditure of 
Es. 23-4-0. With the encouraging results obtained in 1946 the 
pond was charged during the next season with 600 CaUa finger- 
lings in August and 22 Gourami and 120 Etroplus in September 
1947. Manuring with ammonium sulphate and superphosphate 
was also done to promote the growth of alga . The growth was not 
so uniform as in 1946. An intensely severe summer was perhaps 
responsible for the poorer catch, the profit being only about Es. 20 
during the season, with a catch of 64-7 per cent on the total 
charged as against 98 per cent in 1946. In the 1948-49 season 
again the profits and the catch were Es. 17 and 6.5 per cent 
respectively. 

Euring the three seasons, several records were maintained like 
periodical depths of water, the temperature at different depths, 
size of fish caught and so on. It was seen that with a small p>)nd 
like that in Bapatla area a subsidiary income could be realised 
from pisciculture without much trouble. Of the varieties tried, 
Catla was the most promising and curiously enough in no season 
was any Etroplus recovered in the catch; evidently conditions are 
not favourable for their developnient. 

Paddy-cwm-fi'sh culture was attempted during two seasons in 
1948-49. Due to unsuitable conditions such .as inundation of the 
fields resulting in over-flow of the water during the rainy months 
and sudden shortage of water in the supply channel during the dry 
periods, paddy-cttnt-fish culture was not a success in these areas. 

LAC-CUDrURB. 

The Lac industry which is a prosperous Indian monopoly has 
not found entry into South India perhaps due to the absence of 
suitable plants to serve as hosts and of favourable weather oondi* 
tions for the insects all round the year. 
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Tachardia lacca, the lac insect is a species of scale insect 
which is propagated on certain trees. The resinous encrustation 
produced by this insect form the lac (Araku) of commerce. A deep 
red dye is also obtained from these insects which is largely used in 
colouring silk. The insect naturally infects several trees and is 
propagated on Butca frondosa, Zizyphus jiijuha and Acacia 
arabica with considerable success in Mysore and Upper India. 

The insects on swarming, establish themselves on the twigs 
under favourable conditions. The female insects grow in size and 
exude the resinous lac which develops into an encrustation in the 
course of two and a half months. The dye is present in the form 
of a red liquid in the mother. 

The grain lac (original form on the trees) is collected and the 
dye and lac are extracted from it. 

Experiments on lac breeding conducted at Coimbatore in 
1911-12 had shown that lac insects can be established more 
successfully on Zizyphus than on Acacia arabica. 

Investigations, relating to the possibility of lac cultivation on 
the common trees growing in South India, were undertaken at 
the Bapatla Agricultural College, and trials were carried out. Of 
the two varieties of lac ‘ Kusum ' and ‘ Palos ’ it was considered 
that ‘ Kusum ’ would be more suitable for breeding under South 
Indian conditions owing to its wider host range. The trials were 
carried out during the months December to February when the 
weather is cool and dry, as heavy rains or excessive heat are not 
favourable for lac cultivation. 

A number of trees were inoculated with 25 seers of Kusum 
brood lac obtained from the Director, Indian Lac Eesearch Insti- 
tute, Nankura (Bihar), during 1947-48. As many as 20 different 
common trees were inoculated by the longitudinal and the lateral 
methods and the growth observed. The following trees were 
inoculated : — (1) Mango. (2) Kapok. (3) Tamarind. (4) Ber 
{Zizyphus jujuba). (5) Acacia arabica. (6) Albezzia lebbak. (7) 
Cryptostegia grandiflora. (8) Sapota. (9) Castor. (10) Jatropha. 
(11) Banyan. (12) Ficus tsiela. (13) Pomegranate. (14) Ficus 
religiosa. (15) Eugenia jambolana. (16) Glyricidia maculata. 
(17) Indian almond {Terminalia catappa). (18) Neem. (19) 
Mulberry. (20) Agathi (Sesbania grandiflora). (21) Pitheco- 
lobium dulce. (22) Delonix regia. 

Of the hosts tried the lac established well on Ficus bengalensis, 
Ficus tsiela, Acacia arabica, Kapok, Ficus religiosa, ‘ Agathi ’ 
Pithecolobium dulce and Gold mohur (Delonix regia). In the 
case of Kapok and Gold mohur, even though the lac established on 
the branches, the growth was cut short when the leaves were shed 
by the trees, thus affording little protection from the direct rays 
of the sun. The most promising hosts proved to be Acacia arabim. 
Ficus bengalensis and Ficus tsiela. 
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Cultivation of ‘ Palos * variety of lac on * Ber * {Zizyphus) 
trees was tried at Agricultural Besearch Station, Guntur. The 
second crop season of October-January was selected, and inocula- 
tion was done in September to avoid the north-east monsoon in 
the early stages* Four trees were selected for the trial^ and was 
given a heavy pruning in July 1948. Brood lac was inoculated 
and removed after three weeks when most of the nymphs had 
spread on to the host. The lac was collected in July 1949 and 
the total yield was 11 lb. from the three trees, the other being left 
over for self inoculation. Self inoculation did not prove a success 
as the total yield was low and lac of the previous years dried up 
and partly shed. 

* Palos ^ brood lac was once again inoculated in October 1949 
and harvested in May 1950, on the trees from which lac was 
removed. No regular pruning was done but the removal of lac 
involved a light pruning. Due to various reasons such as adverse 
climate, abundance of predator Eublemma amabiliSf and perhaps 
lack of heavy pruning, the crop was a failure. 

Further studies on lac cultivation are being continued. 



CHAPTER 28. 

AGRICULTURAL ENGINEERING. 

The beginnings of research In agricultural engineering— Intro- 
duction of Imptoments from abroad— Modifications to locai conditions 
—Improvements In the piough, the harrow, the Guntaka— Imple- 
ments for wet land cropping, the puddler, the manure trampler — 
Dry farmhig implements, the bundformer, the buckscraper, the 
lister cultivators and seed drills. 

MacUnea.—TtiaHi with Imported machines— The thrashing, 
winnowing and harvesting machines— Chaff cutters— Rice shelters — 
sugarcane mills and Improvements — Seed testers— Presses — Graders 
of agricultural produce like oranges, potatoes— Turmeric polisher — 
Hand ghis for cotton— Arecanut dehuskers— Sprayers— Irrigation 
devices — Water-lifts — Wind mills— Roll easy mhote wheel— Experi- 
ments with different kinds of water-lifts and results obtained — 
Bullock carts. Improvement in design, draft, harness and yoke — 
Studies with vegetable oils as fuel— Tractors, pump-sets and extension 
service activities— Workshop at Coimbatore and Bapatla. 

From early times when man turned from his nomadic life and 
pastoral pursuits to a settled agricultural life, he has been 
attempting to reduce the manual labour required for preparing 
the land, sowing, mtercultivation, harvesting, thrashing and so 
forth, by using bullock and horse power. These in turn are being 
substituted today in an increasing manner by heat engines and 
electric motors. At every stage is seen a progressive efficiency in 
the use of power and developmenj^ in the design of machinery and 
Agricultural Engineering plays a great part in the successful 
management of the agricultural industry. 

A few ploughs and implements of various types produced in 
England and America were obtained now and then by the early 
workers for use at the Agricultural College, Coimbatore and the 
several Agricultural Stations in the State. Many of them were 
not suitable and some were beyond the capacity of the ordinary 
cultivators. They had to be suitably modified to suit the condi- 
tions prevailing here. Thus commenced Agricultural Engineering 
Research, without a definite plan or goal. The Royal Commis- 
sion of Agriculture that visited India in 1928 recommended that 
Agricultural Engineering Research should be undertaken as one 
of the means of improving i^icultural efficiency. A research 
wing for Agricultural Engineering was formed at the Agricultural 
Research Institute at Coimbatore with a small staff and a work- 
shop. Research on the outstanding Agricultural Engineering 
{nx>blemB was taken on hand. It was realized from the beginning 
that agricultural machinery developed for use in this country 
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should be cheap and within the means of the ordinary cultivators, 
that they should be simple in design and construction, should lend 
themselves to repair by the village smiths and that they should 
economise labour. All these conditions are satisfied by the indi- 
genous implements and their design are a marvel to the Western 
engineers, who attempted to effect improvements in the original 
models, without much success. The testing and designing of 
implements using bullock power were first taken up. A number 
of firms co-operated and made their implements available. They 
were tested under different soil and climatic conditions for effici- 
ency, durability and suitability to varying local conditions and 
cropping. The defects observed were pointed out to the manufac- 
turers and suggestions were made for their improvement. They 
were gratefully received by the several manufacturing concerns and 
they arranged to incorporate the several improvements suggested in 
their implements. The modified and redesigned implements were 
tested, approved and finally recommended to the cultivators. A 
brief review .of such tests and short accounts of the new imple- 
ments designed at the Departmental workshops are furnished in 
the following sections. 


Implements, 

The plough . — The plough is the most important implement' 
used in agricultural work in this country. It has been practically 
the only implement used for several purposes. The indigenous 
plough is made of wood, is simple in construction and is made at 
little cost by the village carpenter with the odds and ends of 
wood available with the cultivator. The body of the plough is 
triangular in section and pierces the soil and pushes it on both 
its sides and leaves behind ridges of unbroken land, in-between 
adjacent furrows. These ridges are broken by cross ploughing. 
The depth of ploughing is also limited. 

The early workers introduced a number of iron ploughs from 
England and America. These were designed for use with horses, 
which transmit the traction power with their shoulders. The 
bullocks pull with their necks, which are higher than the shoulders 
of the horses. The ploughs had to be readjusted for this kind 
of bullock traction. The iron plough enters the soil and severs 
a thin ribbon of soil, by making a horizontal cut at the bottom 
of the furrow and a vertical cut' on *the side. This furrow slice 
moves up the mould board which is continuous with the shaie mi< 
where the furrow slice is gently twisted and turned over. The 
furrow slice is finally laid down inverted with original under 
side facing upwards. The original uppw surface is laid at the 
bottom and the surface vegetation is thereby nicely buried inaid e 
the soil and the furrow slice is also lightly broken up and pulverised 
during the process of inversion. The draft required for pulling 
the mouldboard plough is less than for the indigenous plow^ 
taking the same depth. 
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A number of ploughs of different shapes and sizes were tried 
and some were modified and adapted for use in this country. 
These were later taken for manufacture by Indian firms. The 
firm that is actively collaborating with the Agricultural Depart- 
ment is Messrs. P.S.G. & Sons Charity Industrial Institute, 
Peelamedu, Coimbatore. They are the pioneer manufacturers of 
agricultural implements in South India. Messrs. Kirloskar- 
Brothers & Sons, Kirioskarvadi and Cooper's Engineering "Works, 
Satara, are also manufacturing a number of agricultural implements 
approved by the Madras Agricultural Department. The iron 
ploughs and other implements manufactured by these firms, duly 
tested by the Agricultural Department, are advocated for use by 
the cultivators. The ploughs recommended and in use can be 
divided into three classes, as small, medium and large, depending 
upon their size, the depth of ploughing and tlie size of the animals 
with which they are intended to be used. 

Light ploughs . — Cooper No. 25 plough, Gurzar No. 2 plough 
and P.S.G. No. 10 plough may be taken to represent the light 
type of ploughs. They open furrows four inches deep and five 
inches wide and are made with cast iroq, body, steel mouldboard 
and cast chilled share. They are provided with long shaft poles 
and single handles and can be worked by a pair of small sized 
animals. They are useful for light and loose soils. 

Medium-sized ploughs . — Cooper plough N.i. 11, Kirloskar 
No. 14 and P.S.G. No. 16/C represent the medmm-sized ploughs. 
They are all steel ploughs with chilled cast iron shares suitable 
for loamy and clayey soils. The mouldboards have excellent 
scouring properties and the furrow slices are nicely twisted and 
inverted. They are also recommended for use in wet lands. The 
furrows taken are five inches deep and seven inches wide. They 
are worked with medium-sized animals and are equipped with 
long shaft poles and single handles. 

Heavy ploughs . — These are designed for opening furrows six 
inches deep and nine inches wide and are represented by Cooper 
No. 34, Kirloskar No. 18 and P.S.G. Nos. 32 and 32-B. They 
are intended for use with a big pair of animals. They are made 
of cast iron and are provided with a steel mouldboard. The 
Bansomes Victory jdough is also of the same class and it is made 
of steel. It is provided with adjustments for regulating the width 
and depth of the furrows. It is extremely efiicient and surpasses 
other ploughs of the same class. It is very suitable for plough- 
ing stiff clays and for incorporating green manure crops in the 
soil. 

Miscellaneous types . — A number of other ploughs was found 
suitable for specific purposes in certain tracts, like the bar plough 
for use in stony soils and reversible disc ploughs for ploughing in 
green manure and for ploughing sloping lands. Quite a number 
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of ploughs tested of both indigenous and foreign makes were found 
to be unsuitable. 

The ‘ Shanti ’ ryot’s implement has been designed for doing 
various types of work hke ploughing, ridjging, intercultivating, 
etc. The implement has a frame to which iron parts designed for 
the several items of work are fitted as desired. The moving parts 
are of simple design and spares could be easily made and fitted 
by the village smiths. The implement is found suitable for small- 
scale cultivators, who cannot afford to purchase several imple- 
ments for different cultural operations. It must, however, be said 
that the multi-purpose implement is not so efficient as the single- 
purpose implements specifically made for the several individual 
jobs. Further improvements and modifications of the Shanti 
implement are being worked out at the research centre. 

Eidge ploughs throwing earth on both sides and opening a 
central furrow are useful for planting cotton, sugarcane, chilly, 
etc., in rows. The ridge ploughs or ridgers made by the indi- 
genous companies are of cast iron and the share point is renewable. 
The furrows opened are nine inches in depth and 20-22 inches 
in width. The ridgers can be worked with a pair of bullocks. 

The ridger designed at the Departmental Workshops has 
hinged mouldboards to regulate the width of the furrows from 16 
to 26 inches and the depth within reasonable limits. 

Blade harrows . — These implements have an iron blade fixed 
by two standards to a wooden frame, wherein are attached the 
handle and the shaft pole. When the implement works, the iron 
blade moves under the surface of the soil and separates a layer 
of soil from the firm ground below. This is in common use in 
the northern districts of the State and is called a ‘ Guntaka ’. 
The guntakas are largely used for preparing the land and smaller 
types are used for purposes of intercultivation. 

Messrs. 6. E. Hilson and D. G. Munro of the Madras Agricul- 
tural Department designed improved models and patented them 
by the name of ‘ H. M. Guntakas '. These were made in three 
sizes and named No. 0 with six inches blades for intercultivation, 
No. 1 with 15 inches blades and No. 2 with 24 inches blades, 
either straight or curved. The curved blades were for greater 
depth and easier penetration. The .design permitted variation of 
the angle formed by the shaft pole and the blade to suit the height 
of the animals used for traction. These guntakas were sturdily 
made and were efficient, but their cost was too high for the 
cultivators and the new models did not become popular. 

R. E. Guntaka . — This was designed by the Research Engineer 
to provide a good clearance between the blade and the shaft pole, 
for the passage of clods in an unobstmcted manner. These were 
provided with 24 and 86 inches blades and reversible points attached 





PlaU nO.-^ftanli ryots' impkmsnt fitted toith a Z-tyned adjustable hoe. 



Flate 171. — liidger, P. 1297 



Plate 172. — RJl. Ountakn. 
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PkUe 175 . — Bund Jirnner, 
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in front of the blades to help penetration in hard soils. The E. B. 
Guntakas work satisfactorily, break the clods in the field, mulch 
the soil and harvest groundnuts, in loamy soils that are lightly 
moist. 

Wetland puddler . — The puddler is a useful implement that 
tarings about nice puddling of loamy wetland soils, after working 
the plough prehminarily. In very light soils, preUminary plough- 
ing may not be absolutely necessary. It was designed at the 
Department Workshops on the model of the Burmese ‘ Settun ’ 
and has inclined plates mounted on cast iron hubs fixed to an 
axle. These blades revolve when the implement is worked, churn 
up the clods of soft mud, disperse the mud particles and keep the 
mud suspended in water nicely for planting rice. The implement 
works best in light and loamy soils with two to three inches of 
water standing on the surface. In the heavier soils, mud tends 
to cling to the blades and clog the implement. A little more 
water in the field may help to an extent. As the field is left in 
a levelled condition by working the puddler, there is normally 
no need to work the levelling board, before planting rice. Tha 
puddler covers about two acres in a day. 

Green manure trampler . — The implement designed at the 
Departmental Workshops consists of steel discs with cast iron 
hubs mounted rigidly on a horizontal shaft rotating in wooden 
block bearing bearings. When the implement is worked in the 
puddle, it is able to thrust into the soil, green manure plants 
spread on the surface and incorporate them nicely with the soil. 
It covers two to three acres in a day working with a paur of 
bullocks. 

Bund-former . — This implement is used for putting up bunded 
eompartments in the field for irrigating the garden lands, for 
preventing the flow of run-off water during rains in dry lands and 
for retention of rain water to allow absorptions and saturation of 
moisture by the soil to enable luxurious growth of the crops grown 
there. These bunds also check soil erosion in gently slo ping 
lands, if properly put up. The implement puts up big compu<t- 
ments over eight to ten acres in a day with a pair of bullocks in 
dry lands and small compartments or beds in one and half to two 
scares of garden lands. 

®ie bund-former designed at the Departmental Workshops 
consisting of a pair of long sweeping wings fixed suitably on boMi 
sides of the shaft pole. The wings are wide apart in front 
and converge towards the rear end, leaving a gap finally for the 
formation of the bund. The size of the bund is regulated by the 
nze of the wings and the adjustable opening at the rear end. 
"Hie bund-former is made in three sizes, with two and a half, 
^ree and a half and five feet long blades to suit the size tbo 
bullocks. The angle of the shaft pole can be adjusted to suit the 
*ize of the animals. 



1304 MBMOtBS OF TiaB OBFAETHfiNT OF AGBICtili^TUElBS, MA0&Afi 

Fertilizer distributor , — ^^^here large quantities of concentrate 
fertilizers are used for crops, it lias to be uniformly distributed in 
the field. The implement designed at the Departmental Work- 
shops distributes the fertilizer through spouts and the rate of flow 

the fertilizer closely follows the speed of working the imple- 
ment over the land, with facilities for closing the spout when thfe 
implement is stopped at the end of the field for turning. The 
spout distributes the fertilizer in bands four inches wide Bind 
facilitates the passage of lumps up to one-eighth of an inch in 
diameter. 

Buck scraper , — This implement is also called the Earth 
Scoop ’ and is made of a single piece of thick mild steel plate, 
lapped and rivetted at the corners, to form a rectangular box, with 
the front end open. Two flat steel runners on the underside 
stiffen the scoop bottom and take the wear. The implement is 
perfectly balanced so that the box gathers loose earth, when the 
backside is lightly lifted. The gathered earth is dumped in 
hollows or wherever required by giving a light push to tilt the 
contents. The front end is provided with teeth to facilitate proper 
penetration of the end in the soil. The implement is used for 
levelling fields, excavating ditches and for doing work involving 
movement of soil from one place to another, over short distances. 
The implement works satisfactorily only when the soil is loosened 
by ploughing preliminarily. It is available in two sizes of two and 
three cubic feet capacity and is worked with a pair of animals. 

A number of types of buck scrapers were tested at the Depart- 
mental Workshops and the implement w^as redesigned to suit the 
conditions prevailing in this country. The redesigned model is 
being made by Messrs. P.S.G. & Sons. 

Basin lister , — This is a special implement designed for use in 
dry farming areas and sloping lands, to hold rainwater in small 
.pockets formed on the soil surface and prevent it from flovs^ing 
over the land, causing soil and water losses. The implement has 
two or more furrowers mounted on wheels. The furrowers are 
lifted periodically while working by an eccentric cam arrangement 
and when the implement is worked over a field, dammed furrows 
are formed, which, hold the rainwater, allows percolation of more 
water into the soil in course of time and prevents heavy run-off 
during rains, thus conserving the soil and moisture so very seces- 
sary for plant growth. 

Twin furrow listers are suitable for use with bullocks and about 
four acres could be covered in a day. The implement is worked 
'along the contour, that is across the slopes. 

CuZtieators.— They are used for cultivating interspaces bet>een 
rows of crops sown in lines. Intercultivation serves the same 
pur^se as hand hosing and weeding and saves time and labour. 
The cultivators are provided with a framework to which are 
altabhed a varying number of tynes, usually five. The tynes are 




Plate 176. — Buck-scraper, 
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kvailable in various shapes and sizes to suit the crops. The width 
covered is adjustable and it facilitates the implement being worked 
between crop rows of varying widths. The implement can be 
worked with a pair of animals of ordinary size, or by a big sized 
bullock, fitted with a single bullock harness. McCormic Deering 
cultivator No. 54, John L)eere No. 306, Planet Junior Hoe and 
P.S.G.’s five-tyned cultivators are all capable of doing good work, 
in between crops sown in lines two to three feet apart, like sugar- 
cane, Cambodia cotton, tobacco, root crops and the hke. 

Seed drills . — The seed drill is an implement used for sowing 
seeds in rows, parellel to and equidistant from each other. A. 
simple type of seed drill, called ‘ gorru ’ has been in use in Rayala 
Seema, a predominantly dry farming tract. A number of tynes 
shaped hke the indigenous plough bodies are fixed to a horizontal 
beam, at equal distances. The tynes have holes through which 
the seeds drop in the fmrows. There is a seed hopper at a height 
of about three feet, where seed is distributed with the hand. There 
are as many holes at the bottom of the hopper as there are tynes 
in the gorru and tubes connect these holes to those in the tynes, 
through which the seeds dropped in the hopper pass to the tyne 
furrow. The gorru is cheap, efficient and is easily made in the 
villages. It was however seen on testing that the quantities of 
seed passing through the several tynes were not uniform and the 
variation was as great as 1 : 2. That means that the seeds sown in 
a line are twice as much as that sown in another. The stand of 
the crops should therefore be expected to be not uniform. The 
uneven stand of plants in the rows is due to the human element 
in distributing the seeds in the hopper. 

A mechanical seed distributor designed at the Departmental 
Workshops was attached to the gorru and it distributed the seeds 
satisfactorily. Later the design was completely changed to ensure 
uniformity of distribution of seeds and flexibility of the drill fot 
sowing different crops, using varying seed rates. The drill is 
mounted on wheels and the seed drum is placed centrally above 
the line of the furrow openers. Tii;i tubes radiating from the 
seed drum carry the seed to the furrow openers, as in the case ol 
the gorru. The furrow openers are sturdily made of iron and 
plac^ at the rear end for ease of inspection and adjustment of the 
spacing between the rows when necessary. The depth of the 
furrows is made adjustable to suit the l^d of seed used. Big 
seeds' require deep sowing and small seeds are planted near the 
surface. 

The seed plate fixed at the bottom of the seed drum is changed 
for sowing different crops and for using different seed rates. 4 
clutch is provided to keep the seeder out of operation, while turn- 
ing af the ends of the fields. A hand lever is provided for lifting 
&e furrowers clear of the ground, when the drill is moved over 
-the head lands. The drill has a seat for the ^vmr and lends' itaell 
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fcMT use as an intercoltivator in fields sown in lines and as a 
general purpose cultivator by the addition of a few more donuaj 
furrow openers. The new drill is now made by Messrs. P.S.G. i 
Sons and has been appreciated by people who have seen it workingt 
both in this State and outside. 


iMachkibs. 

Thrashing and winnowing machines . — Separating the grains 
from the earheads or thrashing and winnowing or separating the 
grains from the cha£^, dust and soil particles from the thrashed 
grains are all done by human labour, aided in certain cases by 
cattle power. Thrashmg and winnowing are laborious operations 
that consume a lot of time. Winnowing is dependent on |^e winds 
that blow at the time, for the efiSicient cleaning of the grains. 
Thrashing and winnowing machines have been developed in the 
western countries and help greatly in taking the tedium of these 
operations. A few thrashers and winnowers were tested at the 
Departmental Workshops at Coimbatore and found suitable for use 
in this country and economical too. But the individual farming 
units here are in general so small that they may not be able to 
stand the initial cost. It may therefore be suggested that people 
could jointly purchase and make them available for the several 
participants or in the alternative individual cultivators could 
purchase them and hire them out to their neighbours at rates 
covering the depreciation charges, operational costs, interest on 
the capital invested and a httle profit- It may be mentioned that 
this form of owning agricultural machinery has developed rapidly 
within the past few years in parts of America and small farmers 
have been benefited to a large extent. 

The thrashing machines are operated either by electrical power 
or by small oil engines. The earheads of plants and in some oases 
whole plants themselves are fed to a revolving drum which strikes 
the ears against a fluted concave, when the grains are separated 
from the ears. The grains pass through the concave and get 
subjected to a blast of wind blowing off the chaff and the en^y 
glumes. They then pass through sieves of different sizes. Tlw 
bigger ones retain the empty ears only. The next one retains the 
thrashed grains allowing the broken grains, dust and soil partidas 
to pass through the meshes. The cleaned grains are passed throai^ 
a spout for bagging. The winnowing machines do all these jptm, 
excepting the thra^ing and the separation of the grcuns fom the 
ears. They are useful for cleaning the grains separated from the 
ears by other methods. The winnowing machines are smafi tmils 
comparatively and are operated by manual labour. 

Garret portable thrasher . — ^This machine made by Measrs. 
Agricultu]^ and General Engines, London, was tested. It is 
aiade ef iron and mounted on oast iron wheels with a Bwhml ka 
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the ftont axle for taming and a hook in front for haulage. K 
Tegitires a three H.F. drive for operation. The cost of the znachrse 
aras £a. 432 in 1932, when it was purchased. The maduse 
Mparates nearly five tons of sorghum grains in a day of eight hours. 
It saved Be. 1 per ton in thrashing when compared to thrashii^ 
wifih cattle and manual labom- in 1^2. 

Dania thrasher . — ^This was imported by Messrs. Indo-Danish 
Corporation from Denmark. It thrashed most of the grains grown 
in South India. The defects noted in its working were intimated 
to the manufacturers for rectification. 

P.S.G. thrasher . — ^This is designed on the model of the GUrret 
thrasher. Trials made with the machine were satisfactory. With 
sorghum, 1,270 lb. of ears gave 960 lb. of grain in an hour, with 
a consumption of four units of electrical energy. It thrashed .1,100 
lb. of ragi grains per hour and the cost of operating the machine 
worked to Be. 1 per ton of ragi and Bs. 1-3-0 per ton of sorghum 
in 1940. Four men and four women were required for feeding 
the machine, bagging the grain and transporting the produce. 

Winnowing machines. — Messrs. P.S.G. & Sons made winnow- 
ing machines more or less on the same lines as those made by 
Messrs. Bichard Corbett & Co., Strawberry, England. Certain 
defects noted in the machines made originally were got rectified 
and the new machines were tested at the Agricultural Stations at 
Coimbatore, Anakapalli, and Koilpatti. They cleaned rice, ragi, 
sorghum and bajra grains satisfactorily and economically. Four 
to five tons of rice grains were winnowed and cleaned in a day of 
eight hours. 

Chaff cutters . — These machines are designed for cutting dry 
and green fodders with hard stems into small bits to avoid wasta^^ 
of fodder, by being pulled down by the cattle and getting soiled, 
furtiter, the cattle consume actually more of cut fodder than haiyf 
material. A number of types of chaff cutters were tested and 
indigenous makes compared favourably with the imported ones. 
The chaff cutters are mainly of two types ; one employs a rotating 
wheel with two or three cutting knives attached to the radial artps 
of the wheel while the other has a hinged cutting knife which is 
raised and lowered for cutting the fodder. The circular types ai^e 
.operated by manual labour, bullock power or power drive, while 
the guillotine -hinged type is operated by hand. A suitable model 
has been designed for operation by the legs, combined with ieediag 
of the fodder by the hands of the same operator. 

The capacity of the chaff cutter varies with the type of pomer 
employed. The foot operated type chaffs 209—300 lb of fodder per 
liour and the cut pieces are two to three inches in length. 

6*oo-eo Eiee sheMer . — ^This is a rice shells modd origiiudly 
Inbedueed fhaa Japan, adaptable for work wkh iaboar le# 

ttomar deife, depending upon the size cl itbe huUer. It epemiee 
OB a new principle. Paddy grains are fXHired in a 
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‘^'veu^ a horizontal plate rotating, fast. The graina are throt^^ntt 
the plate. witk a great momentum and they strike against. « 
^linder lined with a hard rubber composition. On. striking, the 
.hulls get split and the rice kernel is released.. There is a certun 
'ainount of unshelled paddy, which has to be separated and pai^d 
through the sheller again. The proportion of rice to paddy is «b 
^ gh as 75 per cent by weight. The paddy is simply shelled and fte 
bran layers are intact adhering to the shelled grains. The vitanuns 
.and the mineral salts are retained with the grain and are not lo^, 
as is happening with every other methods of bulling. Thorp is ail 
amount of breakage of grains when rice is shelled by this riidler. 
particularly with long grained varieties. 

The separation of the hulls from the rice has been done success- 
fully at the Departmental Workshops with the help of a small 
winnower designed for the purpose. These are now made for 
distribution by Messrs. P.S.G. & Sons. The shellers are sturdy 
.and the composition rubber cylinder lining requires to be renewed 
off and on. The hand-operated sheller requires a batch of four men 
and four women for operation and a bag of paddy is shelled and 
cleaned in an hour. The sheller is a good mechanical device for 
shelling paddy, suitable for villages, where shelling paddy could be 
'taken up as a cottage industry. 

The wooden grinder . — This consists of two flat cylindrical 
pieces of wood placed one over the other, more or less like the 
'stone grinder used for grinding flour. The two opposing faces of 
,,thc. wood have radial grooves and when paddy is fed at the top, it 
gets distributed between the two grinding faces and when the top 
is. rotated, the paddy is shelled by the rubbing circular movement 
'and the rice is later separated by winnowing. The breakagp of 
'the rice during shelling is often great. Trials are on way to reduce 
•the pressure on the grains by mounting the top on a ball bearing. 
.When the pressure is reduced, there is a tendency for the shelling 
efSciency to get reduced. 

Sugarcane crushers . — ^In the sugarcane mills originally in use in 
the, country,, there were two -^fooden rollers rotating in opporite 
directions for crushing canes and extracting- the juice. The 
wooden rollers were first replaced by iron rollers and in the {sresent 
,<9Fm an additional roller is provided for efficient crushi^. A 
. number of makes of mills on the market were tested at- the several 
.^^'oultural Stations. The P.S.G. Mill, Sultan Naha hCU and 
Kirloskar’s Kumar bullock-driven mill were efficient and gave juice 
extraction ranging from 70 — 71 per cent on the weight of canes. 
The first two mills crushed four cwts. of canes in an hour and 
'Kiiloskar Kumar handled three cwts. The new fiathi MKI, 
R. N. Banerjee Mill, Mr. Cro^ Mill, Kirloskar Kamal, Aswuti 
Kunuir Mandal and Fakir Chand Mill were the Other mills fried and 
Hheir efficiencies were less. Among the power-drfynt millB, 
'ffirloskaris Varont, a horizontal type, was the beet- aoid gaW| an 
''Mfractioh of 72 peroentof jifloe. ' ' ■ 





Plate 182 — Potato grader, 131d 
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' 80 td. treating drums.— Thie is a convenient device desired 3® 
the Departmental Workshops for dressing seeds with fungicidea 
lilrft sulphur before sowing. It consists of a four-gallon drum 
mounted on an axle passing diagonally through the cylindrical 
drum, with an opening for feeding and emptying the drum. When 
the drum is charged and rotated, the seeds get uniformly coated 
with the fungicidal dust that is added. The design incorporates the 
idea of the seed dusting wooden drum in use by the Department of 
Agriculture, Madhya Pradesh. 

Hay and straw presses. — Hand-operated hay and straw baling 
presses manufactured by William Jacks & Co., costing Bs. 1,856, 
■P.W.D. Workshops and a Danish Press supplied by Messrs. Agri- 
cultural Equipment Co., Madras, for Es. 3,000 were tested for 
baling straw. The first two baled little over a ton a day and the 
Dani^ Press baled five tons a day. Considerable redesigning may 
be necessary for evolving a suitable model at a reasonable cost. 

Graders. — ^An egg grader was designed for automatically grading 
eggs by weight into five grades weighing two and a half, two, one 
and three-fourths, one and a half, and one ounce each. The tests 
with grader showed that eggs could be satisfactorily graded by 
weight. The grader handled 840 eggs in an hour and there was 
some breakage during handling. With further refinements, it 
may be possible to eliminate breakage of eggs during grading. 

Graders were also designed for grading oranges, two and • a 
quarter to three and half inches in diameter, with quarter inch 
rwge between the grades and a capacity of 7.000 to 8,000 fruits 
"pw hour. A similar grader is suitable for grading lime fruits. A 
modified design grades potatoes from one and a quarter to on? and 
three-fourths inches in size and grades outside this range up to 
f ,200 lb. per hour. 

American made Vac-A-Way seed graders originally intended for 
bats, barley, etc., and operated by manual labour and power were 
‘tested with paddy, sorghum, ragi, coriander, etc., and found satis- 
factory. The graders clean the grain of the admixed chaff and 
■dust, if any, and later separate the grains into grades depending 
upon the size, with sieves of suitable mesh. 

Turmeric polisher. — The cured turmeric was polished origin- 
ally by mixing with sharp-edged stone jelly and rocking them 
in bamboo baskets swung on tripods. The polishing was laborious 
■ and in^cient. A horizontally mounted barrel, two feet long and 
three feet in diameter, made of expanded metal and covered over 
; with quairter inch wire mesh was designed. The barrel is rotated 
by two men and a charge of 70 lb. of turmeric is polished in seven 
minutes, with' the barrel rotating at 30 revolutions per minul^ 
‘ rootlets and «»les attached to the turmeric rhizomes get 
-4iilacited by rubbing against the angular expanded metal and the 
fa f cMBr i o id prdperly pofiBhed. These* polishen are in demand in 
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taimeric a&reas uid they are now made by Meears. P.S.G. 4r9(Mii 
fad Cooper Engineering Works. 

Band gins , — Some gins operated by hand for separating lint 
from seed cotton (Eapas) were tested. The local wooden bfod 
gins separated three-fourths lb. of seed cotton per hour and the 
output was very low. The unproved hand gin made by Ebadi 
Vastralaya, Ahmedabad, handled two lb. per hour, bnt was not 
suitable for the American cottons like Cambodia, which had big 
sized seeds. The D.G. hand gin bnilt in the same way as the 
power gins costing Es. 200—400 each handled four lb. of seed 
ootton. A small gin made by Athens Machine Co. Texas hatred 
satisfactorily eight lb. of seed cotton per hour. Messrs. P.6.G. # 
Sons have made two types, one big and one small, and both wock 
eatisfactorily. 

Groundnut decorticator . — Groundnut kernels are separated from 
the pods by the ryots by spreading the pods in thin layers and 
beating them with sticks. The operation is laborious and costly 
and breakage of kernels is high and this reduces the market valae 
of the kernels. Eirloskar’s Ealyan, a Branda system deoorticftor 
and a Chinese type were tested. The Chinese type was the most 
satisfactory and it has been improved by incorporating adjustable 
clearances between the grid and the beater and change of grids to 
suit different sized kernels. The kernels obtained are free of akw 
damages and breakages and the output is one ton of kernel a day 
of eight hours. This is now recommended for use by small-scale 
growers. 

Areeanut dehusking . — ^Areca fruit peeling witii the spefial 
knife called ' Mettuhathi ' is a slow and laborious |»ooesB. TJakas 
tile fruits are dehusked within tvro days of picking, they get ispe 
and unfit. Attempts made to design machines for debuski^ faaua 
not been successful so far. 

Dehydraters.-^A small dehydraUng unit for handling swmsi 
potatoes in the villages was designed. Though dehydzat^ wtm 
aaeceeefully done with this unit, the cost of lalwur and fuel tended 
to raise the cost and make dehydrating uneccmomical. Woilt no 
this was therefore discontimied. 

Sprayers . — Sprayers are contrivances designed to spread a|q;>ro- 
priate <diemioal solutions in extremely titin layers over plant eUiHeeis 
in a uniform manner, to combat pests and diseases. ^Rie etttwnqr 
of spraying depends on the fineness of the nozzles and lihe prasmsB 
that is develop to force the liquid tiiiough the nonsle, Mii hmHc 
the liquid into fine mistlike partides. A aomber ^ - qMi ysw 
were tested and Hyjedf sprayer supplied by Messrs. AMad '9ns., 
Calcutta, and tiie Atias compressed idr eprayer wdth a capncMy of 
*BD gallons per hour were found to be effitiant. ^hesa men MMg 
recommdnded to eultivaiton. A.B.P. «tbn$ jW B Bp a idliwliMit dMkr 
tiia irar were sidlshty modiied and iiMi snudMlsi* spqdiBd* 




Plate 184. —Hand operated groundnut Decorticator, 



Plate 185. — P. 8. G, Ball bearinj mhote wheel. P. 1322 




Plate 186 . — Puproved circular rnhote, F. 1323 
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Wateb Lifts. 


Lifting water for irrigation is one of the strenuous operations 
in agriculture and from the beginning intensive study was made of 
the various water lifts in use with a view to effect improvements 
and save labour and energy. The ordinary mhote wheel was hard 
on the animals on account of development of considerable friction 
between the moving surfaces. These were replaced by cast iron 
mhote wheels with roller and ball-bearings and the draught was 
considerably reduced, which was much appreciated by the ryots. 
Automatic tilting of the buckets was introduced in the South Arcot 
circular water lift. This also was taken up by the ryofs rapidly. 

The various types of water lifts were systematically tested for 
their efficiency and economy and the results of the several tests are 
incorporated in the accompanying statement. 

Wind mills. — A wind mill made by James Alston Pty., Ltd., 
Melbourne, Australia, was erected at the Central Farm, Coimbatore, 
over a 40 feet steel tower and geared to a six inches brass cylinder 
pump. The maximum output of water lifted was 13,280 gallons 
a day in June and the minimum was 1,453 gallons in April. The 
mill could not meet even the minimum irrigation requirements. 
Another wind mill erected on a 30 feet tower with four-inch cylinder 
pump at the cattle farm at Chintaldevi was not more successful. 

The observations at Coimbatore and Chintaldevi indicated that 
for irrigation purposes, average wind velocity of at least ten miles 
per hour was necessary, while for industrial and household purposes, 
velocities of six and four miles per hour respectively might suffice. 
Anemometer records maintained at ten different stations in the 
State showed that wind velocities were high during the monsoon 
months when irrigation demands are negligible and low during dry 
periods when irrigation is most required. Provision of large 
storage tanks for storing water is too costly, and it may be said 
wind mills are not likely to be useful in this State for irrigation 
purposes under the prevailing wind conditions. 


Kennel's oscillator irrigator.— An oscillator irrigator was pur- 
chased for Rs. 715 froin Messrs. Merk Seymour & Sons, Limited, for 
testing the possibilities of spray irrigation. The machine* is 
operated by hydraulic pressure generated by a centrifugal pump 
driven by a 30 h.p. V. 8 Ford engine. The water is lifted and 
cawied through duraluminium pipes, fitted with spray nozzles every 
Jhird feet. The spray pipes oscillate to and fro and help to forc« 
water as misty spray about 40 feet on either side-cf the pipes 
The oscillating pipes can be moved about the field to bring a^u? 
suitable coverage. Seven thousand five hundred gallons of water can 
be sprayed over an acre of land to a depth of quarter inch. Insecti- 
cides, fungicides and fertilisers can be applied to the field along with 
irrigation water. The equipment should prove handy and usrful for 
wndy areas, where loss of water by seepage is bound to be great 
The crops should be raiwd according to a pre-detennined plmt fo 
facilitate movement of the pipe Une without damage to otoM 
AJI.— 04 ■ 
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Pldtt 187 . — Bullock harness. P. 1328 
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Bullock Carts. 

It is well known that iron tyred bullock carts do considerable 
damage to roads and that the friction in the moving parts throws 
a great strain on the bullocks. To get over these drawbacks, 
.pneumatic tyres with tubes of the heavy duty low pressure type 
with wheel, hubs and axle fitted -with ball-bearing, were obtained 
from Messrs. Dunlop Bubber Company of India and bodies were 
built locally at Coimbatore, to serve as farm carts and conveyance 
vehicles for school children. The pneumatic low pressure tyres 
provided joltless riding and springs were found unnecessary for the 
conveyance vehicles. 

The weight of the cart was ten cwt. and the effort required 
to start the cart from rest was 60 lb. and the force required for 
traction on metalled road was 20 lb. The wear on the tyres was 
negligible and there was no trouble with the equipment. When 
the rubber tyre cart was tested on the road with one ton load, the 
speed of the animals was 2’85 miles per hour, while it was 2*44 
miles with the iron tyred cart with the same driver and animals. 
Even with one and a half tons load on the rubber tyre cart, the 
animals walked faster than with iron tyred cart carrying one ton 
load. The only drawback was the heavy initial outlay required 
for building a rubber tyred cart. Keen cultivators are known to 
use second-hand bus axles, tyres, etc., and build carts at about the 
same cost as iron type carts at present. Brakes could be fitted to 
rubber tyre carts required for use in hilly country, where the roads 
have often stiff gradients. 

Tilting arrangement . — In the ordinary cart, the bullocks have 
to be unyoked and the carts tilted back for emptying the loads 
like manure, sand, etc. A new model has been designed at the 
departmental workshops with the frame hinged on the axle to 
facilitate the load box being tilted without unyoked the animals. 
No part of the cart strikes the ground when the box is tilted back- 
wards. When the box is fully loaded and secured, the weight is 
evenly distributed and the neck of the bullocks is not strained in 
any way. Attempts are being made to improve the design further 
and make it extremely appealing to the cultivator. 

Miscellaneous Items. 

BvXlock harness . — The present methods of using bullock power 
requires a pair of bullocks even for ligh? draughts work, as with 
five-tyned cultivators. A leather harness has been designed at the 
departmental workshops for use with single bullocks for field wmrk. 
The principle of the harness is the same as that used with horses. 
The point of implication of the traction force is the shoulder for 
horses, while it is the neck just in front of the humiFfor bullocks. 
A broad stout piece of leather distributes the tractive force evenly 
about the neck. Two chain traces transmit the animal’s pull to 
the draw bar of the implement. The harness can be used also for 
A.m.->-94a 
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a pair of bullocks working an implement. One harness is required 
for each animal and four tracers are connected to the spreader draw 
bar. But this arrangement is not really necessary for a pair and 
the ordinary hitching method is equally effective. The single 
bullock harness is useful for use with light cultivators, and water- 
lifts with level circular tread like the circular mhote, where a 
single bullock can do the work satisfactorily. 

Yoke designs . — Sore necks are common with bullocks used for 
field work. The portion of the yoke coming in contact with the 
neck of the animals was padded with leather and cotton in various 
ways. The pads tended to slip and bite into the hump especially 
while turning sharp corners. Padding was unsatisfactory. Leather 
neck bands provided for the bullocks over which yokes could rest 
either for road or mhote work, proved satisfactory and prevented 
sore necks. Harnesses provided for bullocks for hauling four- 
wheeled trolleys were also satisfactory. 

The use of groundnut oil as fuel . — ^During the war years, crude 
oil was in short supply for use as fuel for oil engines. Groundnut 
oil was successfully used in place of mineral oil. The starting of 
the engine was difficult with groundnut oil and it was found advisable 
to start the engine on mineral oil and then switch on to groundnut 
oil. The carbon formed in the vaporiser chamber was harder with 
groundnut oil and required longer time for cleaning. The vaporiser 
nozzle tended to get choked and required frequent cleaning. The 
use of groundnut oil was satisfactory otherwise, but not economical. 

The Fal~Kamesam plant . — A plant wa.s erected for forcing 
preservatives into wood by the Fal-Kamesam process. The chemical 
preservative used was ‘ Ascu ’ and contained arsenious pentoxide, 
potassium dichromate and copper sulphate. Hard and soft 
timbers and bamboo poles were treated with the preservative and 
sent to different Agricultural Research Stations for testing. Hai'd 
wood resisted white-ant attacks better than soft woods, after pre- 
servation. The cost of treatment was As. 3-6 per cubic foot of 
sized timber, and a little more for poles. The cost of treating 
bamboo poles 12 — 14 feet long and three to four inches of inner 
diameter was about As. 1-6 each. 

Building construction . — Groundnut storage godown vr&c 
constructed in 20 selected centres during war years to provide 
warehouse facilities to cultivators. Steel, cement, teak and 
cement asbestos sheets were not available and buildii^s had to be 
put up with other materials and constructional detaib had therefiure 
to be suitably modified. Ventilators were provided with at the top 
and bottom to facilitate aeration of the material that mw Iw 
stored. A raf-proof ledge was provided all round above fhe We- 
meni level and also collapsible steps, removable af nii^. 
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A pilot plant for the manufacture of food yeast from moIass#s 
was designed and erected at the Kesearch Institute at Coimbatore. 
A small-scale commercial plant for the manufacture of malted 
food and malt extract from sorghum grain was put up at Coimba- 
tore. During the war years import of malt extract was limited 
and the factory was enlarged to facilitate the manufacture of 
about 300 lb. of malt extract every day. 

Extension service activities . — ^The import of foodgrams 
dwindled during the war years and the necessity for increasing 
the food production in the country was felt. New lands were 
therefore proposed to be reclaimed with the help of tractors and 
bull-dozers. War surplus tractors and bull-dozers were acquired 
and hired out to cultivators for reclaiming new land from 1944-45. 
There was overwhelming demand for the hiring of tractors and 
bull-dozers from all over the State and additions were made to the 
stock of tractors year by year and a large number of tractors are 
in use in the districts now. The demand is still great and could 
not be fully satisfied. Here is an opportunity for enterprising 
men for investing money and doing useful service to the country. 
Manual and bullock labour are costly and slow for reclamation 
work and large stretches of land remain to be opened up for 
cultivation. The demand for tractors and mechanised equipment 
has come to stay as a permanent feature in the country. A few 
tractors have already been purchased by individuals in Guntur 
district and they are being hired out. There is scope for extension 
to a considerable extent. < 

A small skeleton staff of mechanics, foremen and other staff 
are stationed at the several district headquarters to attend to the 
servicing of tractors, other mechanised equipment, pump sets, etc. 
All these are hired out to the cultivators at subsidised rates. 

As mechanised equipment and machinery are acquired and put 
to use, the moving parts get worn out and need periodical renewals. 
The equipment requires servicing and overhaul once in a way. 
Two workshops suitable for the purpose have been erected at 
Coimbatore and Bapatla. It is proposed to extend the range of 
usefulness of these workshops in course of time and manufacture 
spare parts for tractors, bull-dozers and other agricultural 
machinery. 

Pump sets, pipes, fittings, etc . — Three hydro-electric projects 
connected by a grid and a few thermal stations generate electricity 
in this State. Electric power is generously supplied for agricultural 
purposes. Taking advantage of this, a large number of electric pump 
sets have been installed for hfting water from wells for purposes 
of irrigation, particularly in the central districts. The district 
engineering staff give technical advice to prospective users, provide 
information about availability and choice of motors, pumps, pipes, 
fittings, etc., and help in erection work. In places where electric 
lines are not running, petrol and oil engine pump sets are advised 
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to be put up, wherever sufficeut supply water is available ixi the 
wells. 

The demand for pump sets, tractors, bull-dozers and agricultural 
machinery has now developed in the country to su(di an extent that 
the supplies coming in are not able to meet the demand in^ full# 
The chief reason for the development of this heavy demand is the 
soaroity and high cost of manual and bullock labour# It is just this 
factor that has helped mechanization of agriculture in western 
countries and it has started operating here in an inexorable fashion* 
But the size of the holdings is limited in this country and complete 
mechanization of agriculture may not be possible here as in other 
countries. There is however the possibility of limited concerns 
taking up the work of owning and hiring out agricultural machinery 
to small cultivators, as is happening in parts of America, in r^ons 
where small farmers are found in large numbers. 
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CHAPTER 29, 

AGRICULTURAL MARKETING. 

The need lor and the genesis of the nuu-keting section— The 
several items of work covered— Market surveys and reports of 
agricultural produce — ^Fixation of quality standards— Research on 
containers, transport and processing equipment— Regulated markets 
and market committees for cotton, groundnut and tobacco — Grading 
and standardization, tobacco, oranges, potatoes, ghee, jaggery, 
gingelly oil, rice — Ghee grading laboratories— Market legislation— 
Muket intelligence — Transport, concessional rates and facilities 
arranged for perishable produce — ^Help rendered to co-operative 
‘societies — ^The * AgMark ’ Act — Work done for * Grow More Food * 
Campaign— Miscellaneous items of work— Statement showing grade 
standards for rice, eggs, oranges, Virginia tobacco and paddy varieties 
— value of produce graded under the ‘AgMark’ Act. 

Introductory. — Till recently, research in agriculture was mainly 
confined towards crop improvements such as introduction of 
Improved strains, increased yield per acre, manuring and remedies 
against pests and diseases. The business aspect of marketing with 
a view to improve the condition of the grower, as well as the country, 
received attention of the Agricultural departments in India only 
after the report of the Royal Commission on Agriculture in 1928. 
The Royal Commission on Agriculture, the Banking Enquiry 
Oommittee and the Provincial Economic Conference of 1934, 
suggested an intensive programme to develop the marketing 
facilities for agricultural products including crop and livestock 
products. The Government of India organized from 1934 a Central 
Marketing staff for the purpose under the control of the Agricul- 
tural Marketing Adviser to the Government of India. About the 
same time, the Madras Government appointed a Provincial 
(now State) Marketing Officer at Madras from 12tb July 1934 and 
three Assistant Marketing Officers in February 1935, under a scheme 
financed partly by the Indian Council of Agricultural Research on 
an all-In^a basic. 

The main objects of the marketing section were — 

(1) conduct of market surveys, 

(2) working out costs and ascertaining economic condition 
with a view to get the best value for the producer, 

(3) acting as a bureau of market intelligence regarding prices, 
demand, availability, etc., to producers and Government. 

(4) helping the agriculturists to standardise and regulate 
marketing charges and establishing regulated markets and associat- 
ing the work with schemes initiated by the Central Government 
for Nation of basic and fair prices for agricultnral prodifce. 
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(5) finding out markets for local produce in intnnal and 
international trade, 

(6) fixation of standards of quality for internal and foreign 
trade, and 

(7) helping schemes of co-operative marketing. 

The extent to which the above purposes have been covered by 
the marketing organisation is detailed below. 


Mabeet Eeseaboh. 


(i) Market surveys . — The first line of the marketing programme 
was an intensive study of the marketing of each commodity from 
the producer to the consumer giving details of prices, production 
and utilization, conditions of transport, internal and international 
trade, methods of processing and storage, and the distribution, price»' 
and margins in the several agencies. A consolidated report for 
India was published on the above basis for, each commodity by 
the Government of India giving recommendations for the improve- 
ment of marketing from the field on to the consumer. Similar 
reports were also prepared for the Madras State. The following 
market survey reports have been so far published or issued 


FbOOBESS OF MABEET SUBVEY (BESBABOH) BEPOBTS. 




Revised 

and 

published 
by Qovsm- 
m ent of 
Madras, 

New survey 

Group. 

Published by Govern- 
menu of India, 

Rtieised and prc- 
pared for pubfioa- 

IsSrkeHng 

Officer. 




prepared. 

(1) 

(2) 

(3) 

W (5) 

Cereals .. 

Rice, wheat barley. 

Wheat. 

Rice, Barl^ and MiUeta. 


and maize. 


Maize. 

Pulses .. 

Bengalgram . . 

. . 

Bengalgram . . Pnlzez. 


OilBoedB .. Groundnuts, castor, 
linseed, rape and 
muStai^ coconut. 

Livestock Hides, skins, eggs, 

products. cattle, ghee and 
butter, sh^, goats, 
wool and hair, 
milk and fish. 

Fruits • • Citrus firuits, bananas, 
pineapples and 

grapes. 

Special Tobacco, potatoes, 

crops. sugar and sugar- 

cane, eariiewnut, 
coffee, areoanuts 
andlse. 

Qeneral •• Idarkets and fairs, and 
co-operative mar- 
ksting. 


Eggs .. 


Tobaoeo. 


Groundnuts, cas- 
tor and liziseed. 


Hides, iddns, 

cattle, ghee and 
butter, dieep 

and goats, wool 
and nair, milk 
and fish. 

Citrus fruits, 

bananas, pto- 
apples and 
grapes. 

Sugar and sogar- 
oane, oadiew- 
nuts, potatoes, 
ooffee and lac. 


Mariretsaad faitii^ 
co-opertivo 
maiketlng. 


Niger, 

safflower, 

pungam 

andiluppai. 

Atikifca.! ffilg 

and by- 
products 
and meat. 


Mangoes and 
d^frulta. 




fibres and 
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Besides the above reports prepared on an all-India basis in 
co-operation with the Agricultural Marketing Adviser to the Gov- 
ernment of India, the following special marketing reports were 
prepared under the orders of the Madras Government 

(1) Baskets and rattan work. (4) Horn and hoof meal. 

(2) Avaram bark. (6) Pith. 

(3) Bones. (6) Coir. 

Material for market survey reports has also been collected for 
the following commodities, viz., neem seed, honey and bees wax, 
melons and water melons, vegetables and canned fruits. 


Inuring the year 1949 Government ordered the preparation of 
the marketing surveys of minor oil seeds for which special staff 
was sanctioned through funds got from the Indian Oilseeds Com- 
mittee and another survey of the marketing of cotton sanctioned 
with the aid of funds from the Indian Central Cotton Committee. 
These surveys have been completed. 


During the year 1945 the following market survey reports were 
prepared for the Civil Supplies department under orders of 
Government for use of the defence services : — 

(1) Poultry and eggs. 

(2) Beef cattle. 

(3) Sheep and goats. 

(4) European vegetables. 

(6) Fresh foods and necessary commodities. 


(ii) Research on fixation of quaiity standards . — Marketing has 
to be done according to sorts and grades suited to different 
industrial requirements, so that quick and smooth transactions are 
effected. Besides, the consumer has to be suppUed with genuine 
produce of guaranteed quality and purity. Grade specifications 
for quality helps marketing considerably for both the producers and 
the consumers. Hence, in this connection, several samples of 
agricultural and livestock commodities were collected from the 
trade and producers, for analysis and fixation of standards. Based 
on these, specifications were drawn up so far for the marketable 
grades under the Agricultural Produce (Grading and Marketing) 
Act, 1937, through the Agricultural Marketing Adviser to &e 
Government of India for the following commodities important f<v 
the country : — 


Rice. 

Tobacco. 

Rggs. 

Ghee. 

Hides. 

Fruit products. 
Qnmges (Sathukudi). 


Mangoes. 

Grapes. 

Lime firuits. 
Groundnut oil. 
Gingelly ofl. 
Castor oil. 


Coconut oil (under 
notification). 
Cotton. 

Potatoes. 

Sunnhemp. 
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In fixing grade standairde for each commodity, the importaot 
commercial quality factors were taken into consideration. .Thus, 
oranges, mangoes and eggs were graded according to size, and nee 
according to variety and presence of refractions as brokens; foreign 
matter, other varieties, etc. For cigarette tobacco, the grading 
scheme took into consideration such factors as colour of leaf, body, 
size, blemishes, etc. For ghee, grade standards were fixed according 
to physical, chemical, analysis, the most important factor being the 
Beichret Meissel value. Instances of such grade standards drawn 
up are given for rice, eggs, oranges and tobacco in Appendix Tables 
I to IV. 

To help the scheme of purchases of rice and paddy by the Civil 
Supplies Department, standard specifications for rice and later for 
paddy were drawn up and these are adopted in the civil supply 
scheme for fixation of prices and for rejection or imposition of outs 
according to deviation from the standard quality. A comprehensive 
classification of all varieties of rice in different districts was also 
drawn up (Table V). 

(iii) Research on containers and processing equipment . — ^With 
a view to develop the mechanical grading of oranges, trials were 
made with different designs of graders and a suitable machine for 
grading Sathugudi oranges was devised in co-oneration with the 
Besearch Engineer and the Fruit Specialist, and this is being used 
for commercial grading work. A compact mechanical grader 
for lime fruits has been evolved by the Besearch Engineer, and a 
gliding grader for eggs recently introduced by him is now under 
trial. 

On the suggestion of the Provincial (now State) Marketing 
Officer, an insulated van was attached in 1939 to the Malabar 
Express for carriage of fish from the West Coast areas to Madras, for 
trial. It was found that the fish carried in the van kent in a better 
condition, while there was also saving in the quantity of ice 
required for packing fresh fish. Experiments were conducted, in 
co-operation with the Fruit Specialist and the Bio-Chemist, Kodur, 
on the sugar acid ratio of Sathugudi oranges with a view to investi- 
gate its possibilities for grading. It was found that the sugar acid 
ratio increased more or less uniformly from the commencement of 
the season in September to the end in February and the fruits 
became sweeter as the season advanced. There was however, not 
much possibility of grading the fruits according to sugm: content 
as the variations in different lots were more or less of not much 
account in the same period. 

Investigations were made on Ihe tttmpling methods of rioe and 
groundnuts and a suitable method developed and is being used in 
standai^d contracts for these commodities. 
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Development Woek. 

Based on the results of the research and survey work many 
recommendations were made to improve marketing in India as 
well as in Madras by the Governments concerned. The following 
gives a summary of such development work carried out : 

Regulated markets . — ^With a view to provide an open market 
for commercial crops for the growers and the trade where fair 
sales could be effected under regulated conditions, the Madras Com- 
mercial Crops Market Act was enacted durmg the year 1933. Such 
regulated markets for cotton functioned very successfully from the 
point of view of the grower as well as the consumers, in Berar and 
Bombay. The object of the Act was to establish markets in 
important areas for the commercial crops through market commit- 
tees established for the purpose in notified areas. Their functions 
were to open market _yard or yards in the notified areas regulate 
market charges and market practices, abolish malpractices, check 
-weights and weighments, supply market information and where 
necessary conduct auctions, standardise contracts and fix standards 
of quality. With the experience gained to provide for efficient work, 
the Act was amended recently in March 1949. The market commit- 
tees are constituted from representatives of the growers and the 
trade, who are elected from the respective constituencies. The 
District Agricultural Officer has recently been made ex-officio 
member and Government may also appoint additional members to 
the committee or nominate all members in the first year, or under 
special circumstances. 

The Act was first applied in the Tiruppur municipal areas in 
1936. During the year 1939, it was extended for cotton in 
Nandyal and Adoni municipal areas, tobacco in Guntur district 
and A^ijayavada taluk and groundnuts in Pouth Arcot district. The 
work of the comrhittees was reviewed in 1945 and a separate 
Agricultural Produce Marketing Bill was considered to provide for 
efficient regulation of all agricultural commodities. Tt was finally 
decided that the Madras Commercial Crops Market Act conferred 
real benefits on the growers and that its scope should be extend- 
ed to other areas and crops. The Act was finally amended with 
the above purpose in 1949. 

The main amendments to the Act were the extension of its 
scope to commodities other than cotton, tobacco and groundnut 
and the inclusion of such crops as the Government may notify for 
the purpose. The Act can thus apply to all agricultural produce. 
Under this provision, the Act was notified during 1949, for coconut 
and arecanut in Malabar and South Kanara districts and for 
coconut and tobacco in East Godavari district. The scope of the 
Act could also be extended to more than one district. Further 
the jurisdictions of some of the existing committees which had a 
small area, were later notified to be extended ; as for example the 
Adoni Committee for the whole of the Bellary district and Tirupur 
Committee for the whole of Coimbatore. A new committee has 
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been notified in 1949 for cotton and groundnuts in Anantapur 
district, while the scope of the Nandyal and Adoni Cotton 
Committees and of the Bezwada Tobacco Committee were extend- 
ed to groundnuts also, and recently for the whole of the Krishna 
district. 

Administratively, some changes were made to improve the 
working. The Secretary was made tiie Executive Officer, while 
a set of financial rules were also prepared. In the earlier years, 
the Government granted funds half as loan and half as subsidy, to 
some market committees to erect offices and godowns. In recent 
years, loans are being given at cheap rates of interest and recouped 
over a long period. Co-operative societies are exempted from pay- 
ment of fees for a licence to purchase. The Gk>vemment have 
power to restrict purchase and sale to any prescribed distance from 
the market yard or to the yard of the committee only. 

Gbading and Standardisation. 

With a view to standardise the quality of agricultural produce 
in internal and international trade, the Government of India passed 
legislation called the Agricultural Produce Grading and Marking Act, 
1937. According to this Act, the grading of commodities was under- 
taken as a voluntary measure by persons authorised to do so by the 
Agricultural Marketing Adviser to the Government of India on 
the recommendation of the State Marketing Officers. These 
authorised packers undertake to grade such commodity under the 
specification laid down by the Act, and the grading is supervised 
by the marketing organisation. Each package bears the quality, 
grade specification and date of marking of the commodity graded 
and should conform to the specification drawn up. The ‘ Agmark ' 
labels issued by the Government of India are affixed to the graded 
produce to signify the genuineness of the produce according to grade 
specifications. The authorised packers, who may be growers, 
co-operative societies or the trade, send periodical returns of the 
quantity graded, and any misgrading or failure to comply witii the 
rules is punished with the cancellation of authorisation or other 
suitable steps. 

In Madras, grading was started with cigarette tobacco from the 
year 1938 and later extended to rice, eggs, Sathugudi oranges, 
potatoes, jaggery, ghee and gingelly oil. The progress of gramng 
with different commodities is summarised below: — 

Rice grading commenced during 1938-39 for the important 
varieties in Tanjore and NeUore districts. The total qmmtitry 
graded up to 1945-46 amounted to 897,000 railway maunds valued 
at Bs. 62 lakhs. The grading of rice was stopped duri^ the jjpniod 
of war when Government to^ over procurement and distrihutum ci 
supply on a large scale. 

1^6 grading of potatoes which accounted for 78,000 marnidy 
valued at Bs. 327 ,000 in the Nflgtis was also stoj^^ dupag. #ie wac 
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but has been revived recently. Grading of Sathugudi oranges 
accounted from five to ten lakhs of fruits every year and was carried 
out by Koduru Fruit Growers’ Co-operative Society. The total 
graded up to 194&-49 was 81 lakhs of fruits valued at Rs. 9 lakhs. 
In the same period 182 lakhs of eggs valued at Es. 15 lakhs were 
accounted for in Madras City, Katpadi and Ootacamund. Grading 
of cigarette tobacco was taken up as a voluntary measure from the 
year 1938, through an organisation of the trade at Guntur called 
the Indian Tobacco Association. From the year 1943, the Gov- 
ernment of India ordered that the entire tobacco exported on 
consignment abroad from India should bear the ‘ Agmark ’ grade 
specifications under the Sea Customs Act. This gave an impetus 
to the grading work and a special inspectorate staff was appointed 
by the Government of India to inspect the quality. From 1945-46. 
the quantity graded ranged from 40 to 50 million pounds of 
cigarette tobacco annually and reached a peak of 88 million pounds 
during 1949-50. The original scheme started with five grades for 
flue-cured Virginia, five grades for sun-cured country and three 
grades for sun-cured Virginia. Now there are 25 grades covering 
all classifications including stems and jetty tobacco. 

The above system of export of tobacco under guaranteed grades 
has created a good reputation for the quality of Indian tobacco in 
export markets, and favourable reports have been received from 
foreign importers. 

Although efforts have been made to start ghee grading in Madras, 
there are technical difliculties in fixing suitable standard speci- 
fications. Samples of pure ghee were prepared by the marketing 
staff for analysis at laboratories at Kanpur, Madras and Bangalore. 
Finally the Government approved of the fixation of a Tninimnm 
Reichert Meissel Value of 28 for pure ghee under the Prevention 
of Food Adulteration Act. For ghee grading, a laboratory is set up 
by each authorised packer under specifications approved by the 
Agricultural Marketing Organisation and a chemist appointed for 
each laboratory to work under the marketing organisation to analyse 
ghee and mark it according to specifications. The work was 
started from 1949 in Madras and so far five ghee grading stations 
have been established at Gollaprolu (East Godavari), Tirupur 
(Coimbatore), Guntur (Guntur) and Madras City, while another 
at Tirupur has been completed. So far about 7,300 railway 
cff ghee valued at Es. 12'4 lakhs have been graded. ‘ 

A grading laboratory was also erected at Tirupur for gingelly 
oil during 1949 and accounted for 1,300 railway maunds valued at 
Es. 56,000. 

The value of produce graded by the marketing organisation at 
Madras from the inception during" 1938-39 up to 1949-50 totalled 
29*26 crores of rupees. Of this cigarette tobacco accounted for 
Es. 27 crores, rice for Es. 62 lakhs, eggs for Es. 16 lakhs, oranges, 
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Bs. 9^ laklis and ghee Bs. 12^ lakhs. The details are given jn 
Table (VI) of the Appendix. 

Market legislation , — Several legislative measures were taken on 
hand to improve marketing. A comprehensive bill to facilitate 
the marketing of agricultural and animal husbandry products on 
the model prepared by the Agricultural Marketing Adviser .was 
submitted to Government as mentioned already and the Madras 
Commercial Crops Market Act was also amended. In ^rder to 
standardise contracts, and regulate produce exchange, proposals 
were made to Government for a Bill to standardize contracts i n the 
lines suggested by the Government of India. A draft Warehouse 
Bill, for regulation of warehouse, is now before a Select Committee 
of the Madras Legislature. With a view to guarantee prices to 
essential crops, improve land management and cultivate more 
areas towards increased production, a draft Agricultural Bill was 
prepared for consideration by Government. 

The question of standardisation and checking of weights and 
measmes was another important line of marketing work. All 
weights used in the notified areas of market committees are 
periodically checked and stamped and weighment made by licensed 
weighmen. Proposals were made in 1940 for standardisation of 
Madras weights in the whole State in line with the standards 
prescribed in the All-India Weights Act, 1939. The question was 
taken up by Government recently and a legislation called the 
‘ Madras Weights and Measures Act ’ passed in 1948. The State 
Marketing Officer was deputed to study the working of the Act in 
Bombay in November 1949 and proposed a comprehensive set of 
rules for administering the Act in Madras. 

In order to improve marketing from an All-India point of view 
the Agricultural Marketing Adviser also prepared a number of 
Bills for consideration of Government. For control of quality in 
exports, a Bill called Agricultural Produce Exports (Quality Con- 
trol) Bill, 1946, was suggested. 

The control of quality of exports of tobacco and sunnhemp out 
of India is now exercised under the Sea Customs Act, but the Bill 
abovementioned provides for fixation of standards and control of 
quality in a comprehensive manner of tobacco, sunnhemp, hides 
and sMns, oilseeds, vegetable oils, rice, cotton, fruits, lac and 
myrobolams. A Bill is also under consideration for the regulatum 
of future trading and forward contracts. 

Market intelligence . — ^During 1935, the marketing organisation 
prepared a comprehensive system of price quotation in the Madras 
State and the collection of prices of over 85 commodities in impor* 
tant markets was tak«i up. This work was later entrusted to thi 
Statistical Officer, than working undrar ihe l^rector of Induiteiif 
and has t been recently transferred to the Ewnomio A^Ndsot* 
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Prices are published in the Gazette for a number of commodities as 
foodgrains, pulses, oil seeds and oils, tobacco, jaggery, cotton lint 
and kapas, oilcakes, chillies, potatoes, hides and skins, cattle and 
fodder. The marketing organisation was also furnislnrig periodical 
prices to the Agricultural Marketing Adviser to the Government of 
India (milch cattle and livestock products), Economic Adviser to 
the Government of India (livestock products, cotton, arecanuts). 
Economic Adviser, Madras (all important commodities), All- 
India Badio (milch cattle), and Madras dailies (fruits). Becently 
the dissemination of prices outside the State has been taken up 
by the Economic Adviser to the Government of Madras, and the 
marketing staff is furnishing information to him. With the 
reorganisation of the marketing organisation, fortnightly prices of 
all important commodities are being collected in important centres 
of the State, as Eakinada, Madras City, Cuddapah, Coimbatore and 
Tiruchirappalli. 

Besides, several enquiries from the growers, the trade and 
co-operative societies regarding marketing of crops, are being 
attended to and the parties helped in the disposal of produce 
through suitable agencies in and outside the State. 

Transport . — ^In order to encourage movements of produce from 
producing to consuming areas and improve transport, conditions 
proposals were made to the railway administrations, for grant of 
special reduced rates. The following gives a list of rates sanc- 
tioned by the railways, in pre-war years on suggestions of the 
marketing organisation : — 


Special reduced rates sanctioned for mevement of produce. 


OommodUy. From 

To 

Remarks . 

(1) Plantains . . (a) Stations in East 

Godavari district. 

Cities in Northern 
India. 

Kedueed rates. 

(6) Stations in Tiro* 

Do, 

Do- 

ohirappalli area. 

(2) lime fruits .. (o)Venkatagiri, Ten- 

Calcutta 

Do. 

aliand Eatpadi. 

(b) Stations in North 
Aroot and Madurai 
districts. 

Stations in West 
Coast and Coim- 
batore. 

Do. 

(3) Pine apples . . West coast stations. 

Bombay, Calcutta 

One -third parcel 
rates instead 
of } parcel. 

(4) ^ 8tan« Producing centres. . 

dard containers. 

Consuming cen- 
tres. 

Do. 

(3) * Returned emp* Consuming centres. 

Producing cen. 

One -sixth instead 

ties for eggs. 

tree. 

of i. 

(3) Dry cows and (a) Madras City • • 

Grazing area in 

Terminal ohaiges 

calves. 

Guntur and 

Nellore. 

abolished. 

(3) Qraiing area in 
Guntur, 

Madras . . 

Bates reduced bv 
half, ' 


• Aitanaid hf HukeUiig AdTtoer to the Govatiiin«>t of Indte. 
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OonmodUy, Fttm 

(7) loe • • . . Supplymg centres. . 

(8) Limes, oranges, Stations in East 

sapotas. Godavari. 

( 9) Bioe and paddy. All important areas 

in Tanjore dis- 
trict. 

( 10) Oranges . . (a) Calicut, Telli- 

cherry. 


(6) Stations in Chit- 
toor and Cudda- 
pah districts. 


(11) Groundnuts .. Important stations 

in South Aroot 
and Tanjore. 

(12) Gumblies .. Hindupur .. 


To RemorAs. 

Fishing areas in Bedooed rates. 
West Coast. 

Berhampnr, Cut- Do. 

tack and Vixia- 
nagaram. 

All stations in Do. 

West Coast and 
Travanoore. 

Any stations in One-third instead 
South Indian of } puroel 

Railway over rate. 

200 miles. 

(i) Any stations in Do, 

Sou& Indian 

and Madras and 
Southern Mah- 
ratta Railway 
over 800 miles. 

(ii) 400 miles Quarter instead 

over. of I parcel 

rate. 

Calicut, Cochin . . Special rate. 


Shalimar . . Reduced rates. 


Many of the reduced rates above were cancelled by the Railway 
in the emergency conditions created by the war, but recently 
efforts are being made to grant similar concession especially for 
cattle and plantains. The pjrovision of wooden wagons for transport 
of fruits and attaching them to expresses and fast passenger trains 
for long distance traffic also received attention. During 1939-40, 
the South Indian Railway arranged to run a trial insulator van for 
transport of West Coast fish to Madras and Bangalore. . 


Many suggestions were made for opening more transport routes 
for marketing and in particular to the opening of ports at Maipe 
and Point Calimere and the introduction of new railway routes from 
Dindigul to Gudalur, Tanjore to Pattukkottai and in the Godavari 
area from Ellore to Saneri. 


Help rendered to Co-operative Societies. 

Co-operative organizations have expanded in recent years in 
the marketing of agricultural produce and other commodities like 
eggs, milk, etc., of animal origin. The Government entrusted the 
work of procuring and distributing of foodgrains in their areae^ 
during and after the war period, in order to encourage them. Tht 
marketing section has been actively helping the development (dl 
these marketing societies. 

At the suggestion of the Registrar of Co-operative Societies and 
the Mpketing Board, proposals were made for expanding tHiii 
marketing activities of co-operative societies and some of the IWiH 
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fl»iid sale societies were converted into marketing societies* In 
addition, special societies for certain crops were also estoblishedf 
namely 

(1) Kodur Fruit Growers’ Co-operative Society. 

(2) The Nilgiri Potato Co-operative Marketing Society. 

(3) The Co-operative Marketing Societies for Eggs in Katpadi, 
Ongole, Kaveripatnam. 

(4) The Malabar Arecanut Marketing Society, Ponnani. 

(6) The Cardamom Co-operative Society, Madura. 

The expansion of co-operative marketing of rice in the large 
producing areas was also discussed with the Begistrar. For this 
purpose, the Tanjore Paddy Marketing Federation was started. 
Similar federations for paddy now operate in Nellore, Krishna, 
Guntur, East Godavari and West Godavari districts. A scheme 
for forming a co-operative society to pool cigarette tobacco and 
work a redrying plant was also considered along with the Govem- 
ment of India and the Begistrar of Co-operative Societies. It was 
decided that the redrying plant ordered by the Indian Tobacco 
Committee may be worked by the Committee itself. Special investi- 
gations were made by the marketing staff for the improvement of 
co-operative marketing for coconuts in East and West Godavari 
districts, for cardamoms in Madurai district, potatoes in the Nilgiris, 
paddy in Tanjore and proposals made for better marketing to the 
Marketing Board. In addition, help was rendered to co-operative 
societies for supply of information regarding prices, market condi- 
tions and addresses of merchants for disposal of produce. A special 
society at Madras, called the Provincial C'o-operative Marketing 
Society was organised by the Begistrar of Co-operative Societies in 
Madras during 1936, for co-ordinating the work and marketing acti- 
vities of the loan and sale societies and the State Marketing Officer 
helped in the work as an ex-officio Director. During the war period 
this society was entrusted with the marketing and distribution of 
certain controlled commodities. 

Besides the above work, help was also rendered to co-operative 
societies for grading and marketing commodities under the 
‘ Agmark ’ Act. The following gives a list of co-operative societies 
that were authorised to do grading work and the value of commodi- 


ties graded’:—* 

VaXut of 

Commodiiy, Names of authorized co operative societies . produce 

graded up to 
1949-50. 

BS. 

(1) Oranges . . Kodur Fruit Growers’ Society and Provincial 9,57,200 

Oo -operative Marketing Society. 

(2) Eggs .. .. Societies at Ongole, Katpadi, Kaveripatnam 2,71,300 

and Madras. 

(3) Bice.. .. Maipad Loan and Sale Society, Nellore district. 1,01,000 

(4) Potatoes . . Nilgiri Potato Marketing Society 3,96,300 

(6) Limee . . Societies at Palakol, Kraayam . . . . 25,900 


Total . . 17,46,700 

Produce worth nearly Rs. 17^ lakhs were graded bo far by 
oo-(^>erative organisations in Madras under the ‘ Agmark ' scheme. 
A.M.— 95 
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Work done for the “ Grow More Food ’’ and controls by the 
Civil Supplies, — ^Help was given in connexion with varioas 
measures taken by Government in order to conserve essential sup- 
plies for the Defence Services and Civil population during the war. 
Proposals were made for the fixation of ceding prices of paddy and 
rice, cotton and cotton seed, sugar and sugarcane, potatoes, beef 
and mutton. Zonal schemes for the distribution of cotton seed and 
jaggery were drawn up. For maximisation of production of food 
crops, targets for increased production were drawn up for each 
year in diflerent districts. About 300 tons of potatoes were pur- 
chased for the Defence Services. With a view to control the prices 
and secure distribution of jaggery, an Assistant Marketing Ofl&cer 
was appointed in 1043 and about 21,000 tons of jaggery were 
exported to other States. The Provincial (now State) Marketing 
Officer was a member of the i^rovmcial sub-committee of the 
Co-ordinating Committee of Food Stuffs, and helped in the arrange- 
ments for procurement and supply of esseiitiul articles for the army- 
As already mentioned, a special rapid survey of poultry, eggs, beef, 
cattle, sheep and goats, European vegetables and fresh foods and 
necessary commodities was made for the use of the Defence 
Services. Two Assistant Marketing Officers were deputed to work 
under the Civil Supplies Department in Central Provinces, the 
United Provinces and Punjab, to purcliase pulses, cotton seed and 
some foodgrains. Considerable data were supplied to officers of 
the Civil Supphes Depai'tment and Defence Services in regard to 
production, prices and sources of supply of essential commodities 
required during the war. 

The Rice Mills Licensing Order and control of quality in 
rice, — This order was enforced by the Government in the year 
1943, to increase the output of rice to paddy by reducing the amount 
of polish. This Order was revoked in 1919 and a normal single 
polish was permitted, in view of the numerous complaints that 
were received against the quality of the debusked rice. Milling 
tests were conducted by the marketing staff to determine the 
percentage of outturn of rice to paddy under different conditions. 
A monthly return of quantities of paddy milled and rice obtained 
was got from the rice mills and a review prepared to help the Civil 
Supplies Department. 

The number of rice mills and the quantity of increased output 
according to the Eice Mills Licensing Order were as follows : — 

Average Eetimaied 

— U umber oj percentage inereaeed 

mille, inceeaee over ouipui of 
normal, rice, 

(67 FSB OamP.) (TONS). 


1946-44 4,907 8*7 42,000 

1944 - 45 5,826 2*8 60,000 

1945 - 46 5,718 1*9 41,600 

1946 - 47 6,069 2*9 85,100 

1947 - 48 (11 moaihB) 2,996 8*55 27,800 

(only 

rationiiig 

Areas). 


ToM .. 206,609 
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During 1948, the milling of rice was ordered to be limited to 
dehusking only without polish. 

It will be seen that the working of the Order has introduced 
so far a saving in rice to the tune of 206,600 ions valued roughly 
at 6*4 crores of rupees in five years on 41,320 tons annually. In 
the earlier years there were complaints regarding quality o£ 
unpolished rice. But with experienge gained the quahty improved. 

In order to improve the quality of rice procured and distributed 
through the Civil Supplies, a system of standard specifications was 
drawn up, whereby payments were made according to basis of 
purity and refractions within tolerance and rejection limits. A 
comprehensive classification of all varieties in each district was 
drawn up into Special, First, Second and Third sorts for fixing 
prices of rice. But as this system of classification into several sorts, 
gave rise to abuses on the part of millers and procurement agents, 
the Government subsequently ordered the classification of paddy 
and rice only into two sorts, viz., first and second; the first sort 
comprising the old special and first sort stocks and the second sort 
comprising the old second and third sorts. A system of standard 
specifications for piaddy was also drawn up. This system helped 
generally to improve the standard ot* quahty, while a saving in the 
output of rice was effected through the working of the Kice Mills 
Licensing Order. The scheme is still continuing although the 
monthly returns from mills was stopped from the year 1949. 
A large number of samples of rice ana paddy and foodgrains were 
analysed and remarks offered regarding quality and fixation of 
prices. 

Work done for heads of departments , — ^In addition to close touch 
maintained with the Civil Supplies and Co-operative departments 
as mentioned above, the marketing organisation also helped in 
the work of the Animal Husbandry and Industries departments. 
Besides the special surveys on livestock products, the Diiector of 
Animal Husbandry was furnished information from time to time 
regarding production, imports, exports, prices and marketing of a 
number of livestock produce as cattle, milk, eggs, ghee, butter, 
both by correspondence and personal visits. Special market 
surveys w^ere prepared on fish, basket and rattan, a vara m bark 
and coir, on the suggestion of the Director of Industries and 
Commerce and information was furnished to him on a number of 
subjects relating to industries, and, in particular, about hides and 
skins, sugar, oil crushing, tobacco manufacture, fish, vegetable 
products and cold storage. Notes were also prepared on the expan- 
sion of sugar and oil milling industries. 

Information was collected on the marketing of practically all 
important crops and livestock produce, some of which have already 
been mentioned. 

A.M.— 96a 
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AdnUfUsiratim. — ^lo the year 1984^ the madietiiiff aeotioD 
started with one Provincial (now State) Marketing Omoer and 
three Assistant Marketing Officers for marketing. A separate 
Assistant Marketing Officer ttse development work was sanctioned 
for three years from 1936, with four Marketing Assistants at 
Timchirappalli, Coimbatore, Bajahmundry and Ma^as. With the 
expansion of the work and to provide for a more intimate ocmtaot 
with growers, the Government sanctioned a scheme (d toatgtstinr 
tion into regional units in the dfbtricts with an Assistant Marketing 
Officer and one assistant in each, at Bakinada, Tiruehin^paUi, 
Cuddapah and Coimbatore. 




SlATBMBNT No. I — Orctde Standards for rices of the 
Madras State. 
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Statbmbbt No. I—Cfrade atandardt 


Maximum UmUt a1 UiMranea 






1 

1 



4 


1 

Namaiffmiitiif, 

|l 

f 

i 

1 

1 

P 


P 

(1) 

(2) 

(8) 

(4) 

(6) 

(6) 

(7) 


(8) 

White Sirumanj 

Special. 

Trace. 

40 

Nil. 

1*0 

0 26 Beasonably ftee. 

(boiled). 







Do. 

A 

026 

60 

1*0 

2*0 

1*0 



B 

026 

100 

1*0 

20 

1*0 


Do. 

White Sirumanl (raw). 

Special. 

Trace. 

120 

1*0 

1*0 

1*0 


Do. 


A 

026 

200 

2*0 

176 

2*0 


Do. 


B 

060 

250 

8*0 

2*60 

80 


Do. 

Bed Simmanl (par* 

Special. 

Trace. 

80 

Nil. 

1*0 

025 

Do. 

boiled). 








A 

0 26 

60 

1*0 

20 

10 


Do. 


B 

0-2& 

100 

1*0 

20 

1*0 


Do. 

Kellore samba (boiled). 

Special. 

Trace. 

40 

1*0 

10 

Trace 


Do. 


A 

025 

80 

20 

1*76 

0*6 


Do. 


B 

050 

120 

SO 

250 

1*0 


Do. 

Kellore samba (raw). 

Special. 

Trace. 

10 0 

20 

20 

0*6 


Do. 


A 

06 

160 

80 

40 

10 


Do. 


B 

10 

200 

60 

6*0 

2*0 


Do. 

MolagoltLlnilii (raw) . . 

Special. 

Trace. 

70 

10 

1*0 

06 


Do. 


A 

0*5 

12*0 

16 

16 

1*0 


Do. 


B 

06 

200 

16 

1*6 

1*0 


Do. 

Molagolokiilii (hand* 
pounded). 

A 

10 

160 

16 

16 

1*0 


Do. 

Koraw or Aral Samba 
or Kattai Samba. 

Special. 

Trace. 

4*0 

1*0 

2*0 

1*0 


Do. 


A 

026 

8*0 

20 

426 

'^1*6 


Do. 


B 

0-50 

120 

80 

6*50 

2*0 


Do. 

Delhi Bogham or Vanki- 

Special. 

Trace. 

60 

20 

1*0 

Free. 


Do. 

■imTiM,Tn. 

A 

0-6 

12 0 

3*0 

20 

06 


Do. 


B 

1 0 

18 0 

40 

30 

10 

Trace 

.. 

O.B.B. 24 or KichiU .. 

Special. 

Trace. 

60 

20 

10 

Trace. 

Beasonably free. 


A 

0-6 

12 0 

80 

2*0 

06 


Do. 


B 

10 

180 

40 

80 

1*0 

Trace 


Xfishnakatuknlu or 

Hrlr?ni>.nTiMti Or 

ICahataiabogam. 

Special. 

Trace. 

026 

60 

20 

8*0 

0*5 

Do. 

.. 


A 

10*0 

8*0 

8*6 

1*0 

Do. 



B 

060 

16-0 

40 

80 

1*6 

Do. 

.. 

Baogarotheeka or 

Kaiiptehodl. 

SpeoiaL 

Trace. 

60 

8*0 

8*0 

Trace 

Do. 

.. 

A 

a 60 

90 

4-6 

66 

Do. 

Do. 

.. 

Atiatada or Bamiagar. 

Spedal. 

Trace. 

11*0 

80 

1*0 

Free. Beaeonably fkea. 


A 

06 

17-0 

6*0 

2*0 

0*6 


Do. 


B 

10 

28*0 

70 

80 

1*0 

Trace 

• • 4 6 

Xnona 

•peeiaL 

Trace. 

11*0 

8*0 

1*0 

free. 

free 

6 6 6 6 


A 

06 

170 

6*0 

2*0 

06 

Trace 



B 

VO 

880 

7*0 

8*0 

1*0 

Do. 
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/or rices of the Madras State. 

pemtOage, g ^ S iie of grain. 


1 



li 

1 

Remarks. 

Diilriet of origin* 

& 


»| 

s 

1 



I 

1 


¥ 

1 









(9) 

(10) 

(11) 

(12) 

(18) 

(14) 

(16) 

Nil. 

4*6 

11 6 to 12-0 

87—3-9 

2-8—26 

Small round 

TanjoiOi 



grains. 

South Areot. 

Nil. 

100 

Do. 

Do. 

Do. 

Do. 

NU. 

160 

Do. 

Do. 

Do. 

Do. 


10 

160 

11-5 to 12-5 

87—4-8 

2-3— 2-8 

Uniform in size . . 

Taniore. 

20 

280 

Do. 

Do. 

Do. 

Do. 

South Arcot. 

80 

370 

Do. 

Do. 

Do. 

Do. 


Nil. 

4-5 

15-0 to 15-5 

4-2—56 

2-4— 2-7 

Small round 

Tanjore. 





grains. 

South Aicot. 

NIL 

100 

Do. 

Do. 

Do. 

Do. 

Nil. 

160 

Do. 

Do. 

Do. 

Do. 

— 

10 

70 

15 5 to 16*5 

6-12—6-6 

2-3—2 6 


Tanjore. 

15 

140 

Do. 

Do. 

Do. 

.... 

TiruchirappallL 

20 

210 

Do. 

Do. 

Do. 


— 

20 

16-6 

14-5 to 16-0 

5-2 -6 6 

2 3—2 5 


Tanjore. 

40 

27-6 

Do. 

Do. 

Do. 


Tiruchirappalli. 

60 

400 

Do. 

Do. 

Do. 



16 

06 

16 5 to 16 0 

5 2—5 3 

2 3—2 4 


Nellore. 

86 

19 0 

Do. 

Do. 

Do. 



55 

810 

Do. 

Do. 

Do. 



40 

25 0 

15 6 to 16 0 

5 2—6 3 

2 3—2 4 


Nellore. 

Chalky. 

80 

16-4 to 17-4 

4 8—5 3 

2 3—2 6 

Abdominal white 

TiruchirappallL 






in commercia* 






ally accciited 
proportion. 


Do, 

160 

Do. 

Do. 

Do. 

Do. 

Tanjore. 

Do. 

240 

Do. 

Do. 

Do. 

Do. 


90 

14 0 to 16 0 

5-5—6 0 

1 0—2 2 


Krishna. 

^Do. 

180 

Do. 

Do. 

Do. 


Guntur. 

Do. 

270 

Do. 

Do. 

Do. 


Slightly 

90 

12 6 to 18 75 

62—57 

2-0—23 

Slightly chalky . . 

Krishnai 

chalky. 






Do. 

18 0 

Do. 

Do. 

Do. 

Do. 

Guntur also. 

Do. 

270 

Do. 

Do. 

Do. 

Do. 

West Godavari. 

0-5 

100 

130 to 14 0 

5-3- 5-4 

2 0—2 2 

White . . 

East and Weft 







Godavari. 

10 

17-76 

Do. 

Do. 

Do. 



1-6 

26-0 

Do. 

Do. 

Do. 


— 

1'6 

14-0 

9-2 to 10-0 

6-6—60 

1-6—16 

White to chalky. 

East and West 
Godavari. 

25 

28-6 

Do. 

Do. 

Do. 

Do. 


15-0 

17-2 to 18-2 

6-6—60 

2 2-2-6 

White to chalky 

Krishna aai 



Do. 

Do. 

Do. 

opaque. 

Guntur. 


S6U 

Do. 


.. 

86-0 

Do. 

Do. 

Do. 

Do. 

.!!! 

Chalky. 

16-0 

18-0 to 19-0 

§8—63 

2*2 — 2-6 

White to chalky 

Krishna ani 

Do. 

26-0 

Do. 



opaque. 

Guntur. 

Do. 

Do. 

Do. 

Do. 

86-0 

Do. 

Do. 

Do. 

Do. 

• • •« 
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STATBuaKT n . — Orade iesignaUon and definiUon of (pudity. 
of eggs (hen and dnck) produced in India. 

Definition of quaiUty. 


QrcOo 

deaignaHan. 


Minimum 

weight,* 


Hen's eggs, 

■ — — 

State or condition. 


Duck's eggs, 

, ^ 

Minimum State or condition, 
weight,* 



oz. 


oz. 


Special 

2 

The eggs must not have 

2* 

The eggs must not 
bavebeen preserv* 

If 

been preserved by 


A .. 

any process and 
must be free from 

2 

ed by any process 
and the meil must 


B .. 

li 

taint ; the shell must 

U 

be clean, firee from 


be clean and free 

stain and sound. 

C .. 

1 

from stain, sound, of 
normal texture and 

11 

the yolk oentral, 
visible but not 



shape. 


dense, and freely 



The contents must be 


mobile. The 



free from blemish, 
the yolk oentral and 
traniduoent or faint- 


white must be 
translucent, firm 
and not watery. 



ly but not clearly 



outlined and freely 
mobile, the white 
must ho translucent 
and clear, and the 
air space must not 
exceed three-eighths 
of an inch in depth. 

* To allow for accidental errors in grading a tolerance of one^ drachm in the 
weight of any egg may be permitted. 


Statbhbht Til.— ■Orade dedgnalions and definition of quality 
of oranges {tight skinned) produced in India. 

Sathgudi I^pe. 

Grade Minimum D^nition of quality — State or condition .f 

designation, diameter,* 

XSCB3SS, 

Extra Special. 3| (1) The oranges shall be firm and shall have reached 

a stage of maturity which will permit the subae- 
Speoial . . 3it quont completion of ripening in the ordinary 

course of transport and marketing withoni 
Good . • . . 3 appreciable loss of firmness. 

(2) The oranges shaU be of reasonably uniform 

A • . • • 2{ colour. No orange sliaU be entirely green. 

(3) Each orange shi^ have the shape normal to the 

B .. 2) variety and free from malformations. 

(4) The orangM shall be free from defects due to 
diseases or insects or mechanical injury or stin* 
bum affecting the fmit internally. 

(6) Oraziges having a coarse corrugated ehmSt 
not be graded. 

* Fruits exceeding the diameter given against the Extra Special by | Inch dbaU 
be excluded. A tolerance of 10 per cent mail be allowed for accidental enotaln 
grading in respect of oranges ooneiponding with the sise'qpecificatioii in thenext 
lower node. 

t m respect of items referred to in column (3), a toleranee of 5 per cent shaS ba 
allowed in any one package to cover accidental error in grading except the ddMa 
sefwred'io in itema (4) and (6) for which no t<derance mall be alloiM« 
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STAZBMBirF IV. — Oraie deaigncUiona and definition of quaUty 
of unnumufactwed fiue-cured Virginia* tobacco grown in India. 


Qrade 

duigmtionB. 

Go^ouf.f 

Texbwr6j\ 

Body and condition. 

(1) 

(2) 

(3) 

(4) 

1 .. 

Bright lemon and/or 
bright orange. 

Fine 

Good body leaves or stripe 
free from sponginess, scald- 
ing ^bruising or blemish due 
to disease. 

2 .. 

Do. 

Good 

C^ood body leaves or strips 
which may have light and 
occasional spongy or brown 
spots or blemish due to 
disease, all together not 
exceeding 6 per cent of the 
total area. 

S .. 

Yellow to light 
orange. 

Medium 

Good body leaves or strips 
which may have spongy or 
brown spots or blemish due 
to disease, all together not 
exceeding 10 per cent of the 
total area. 

4 .. 

Do. 

Do. 

Good body loaves or strips 
which may have spongy or 
brown blemish due to dis- 
ease, all together not ex- 
ceeding 25 per cent of the 
total area. 

LG 

Light green coloury. 

Do. 

Good body leaves or strips 
with light greenish cast 
which may have spongy or 
brown spots or blemish 
due to disease, all together 
not exceeding 10 per cent 
of the total area. 

LMQ 

Light medium green. 

Medium to 
course. 

Good body leaves or strips 
with greenish cast which 
may have spongy, scalded 
or brown spots or blemish 
duo to disease, ell together 
not exceeding 26 per cent 
of the total area. 

DG 

Dark green 

Variable 

Good body leaves or strips 
of hea\y^ green character 
not falling within LG or 
LMG. 

LBY 

Light brownish 

yellow. 

Fair oody or 
mixed. 

Good body leaves or strips 
which may have brown- 
patches, spongy, scalded or 
bruised spots or blemish 
due to disease, all together 
not exceeding 26 per cent 
of the total area. 

XiBTt 

Do. 

♦ 

Do. 

Good body leaves or stripe 
which may have brown 
patches, spongy, scalded or 
blemish due to diaeaee not 
exceeding 60 per oent of 
the total area. 
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Colour.^ Texture*^ Body and condition. 

(2) (3) (4) 

Statemunt IV . — Grade designations and definition of quality of 
unmanufactured flue-cured Virginia * tobacco grown in /wdio— oont. 


Grade 

designation. 

( 1 ) 


B .. 

Brown 

Fair body 
or mix^. 

Good body leaves or strips 
which may have brown 
patches, spongy, scalded or 
bruised spots or blemish 
due to disease : all together 
not exceeding 40 per cent 
of the total area. 

DB 

Dark brown 

Do. 

Good body leaves or strips 
which may have brown 
patches, spongy, scalded or 
bruised spots or blemish 
duo to disease not exceeding 
40 per cent of the total area. 

BB 

Bright lemon or 
bright orange or 
yellow to light 
orange or mixed. 

Do. 

Broken pieces (not less than 
three inches long) of leaves 
of grades 1 to 4. 

BB» 

Light brownish 

yellow or brown 
or mixed. 

Do. 

Broken pieces (not less than 
three inches long) of leaves 
of grades LBY. LBY » 
and B. 

BB* 

Light green or light 
medium green or 
mixed. 

Medium to 
coarse. 

Broken pieces (not less than 
throe inches long) of leaves 
of grades LG and LMO. 

PL . . 

Mixed 

V€«*iablo 

Perished leaf. 

xt.. 

— 


.... 

FS§ 

Bright lemon or 
bright orange or 
yellow to light 
orange or light 
brownish yellow 
or brown or mixed. 

Fair body or 
mixed. 

Broken pieces (not less than 
one inch long) of loaves of 
all grades excepting green. 

FS * mixod.I| 

.... 

Variable 

Broken pieces of less than 
1 inch in length and free 
from dust and extraneous 
matter. 

Sterne ^ 


• • e • 

Stems shall consist of midribc 
loaves removed to the 
extent of at least one^half 
length of the leaf in the 
process of stemming from 
Virginia varieties of tobacco 
and their hybrids. 


* Virginia tobacco oonaist of Virginia tobacco varieties and their hybridi 
having siw^ilai* oharacteristios. 

t To allow for accidental errors in gradins, a tolerance of 5 per cent of leaves 
or strips corresponding to the specifications ot the next lower grade will be allowed 
in all oases. 

Notb. — G rades 1, 2, 3, 4, LG and BB are considered to be tobaooos of 
distint Bright or Coloury cigarette character. 

% Grade designation will be applicable under the following oonditions 

(1) That the sale is against a firm order, the phrase ** fiim order heiag: 
defined to mean either that the whole of the purchase money ie to be pM in eMp 
beforehand or ie guaranteed in eome other way« 
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63 


(2) That the consignment is sold to a recognized maiiufacturer, accordinir to 
roeoifioations and blends which are not covered by the grade designations and 
definitions of quality laid down in the schedule. If the order is placed by a broker 
on behalf of a manufacturer/manufaoturers evidence should be produced to prove 
that the whole of the consignment is meant for use of the manufacturer/manufao* 
turers concerned. A recognized manufacturer shall mean a manufacturer of 
tobacco products or by-products recognized by the Agricultural Marketing Adviser 
to ilie Government of India as such. 

(3) That this will be confined to sales to manufacturers in the United Kingdom 
and not extendi to any other importing country or to sales within India. 

(4) The tobacco marked under * X * grade shall not be sold in the market. 
But in exceptional cases where the manufacturer does not accept the consignment 
of ‘ X * grade tobacco intended for him, the authorized packer concerned shall 
produce satisfactory evidence to that effect to the Agri^^ultural Marketing Advisvr 
to the Government of India or to any officer authorized by him in this behalf who 
may permit the authorised packers to sell such tobacco in the open market. 

§ The grade designation shall be applicable only under the following oondi« 
tions: — 

(1) That the sale is against a firm order from buyers, the phrase ‘ firm order * 
meaning that either the whole of the purchase money is to be paid in advance in 
cash or is guaremteed in some other way. 

(2) That the grade designation shall be affixed only when the packing is done 
at the specified premises of packers authorized to grade and mark flue-cured 
Virginia tobacco under the supervision of the Tobacco Inspectorate staff. 

II The grade designation shall be applicable only under the following condi- 
tions : — 

(1) That the sale is against a finn order from buyers the phrase ‘ firm order ’ 
meaning that either the whole of the purchase money is to be paid in advance in 
cash or is guaranteed in some other way. 

(2) That the grade designation shall be affixed only when the packing is done 
at the specified premises of packers authorized to grade and mark flue-cured Virgmia 
tobacco under the supervision of the Tobacco Inspectorate. 

(3) That the grade designation shall be affixed only when the tobacco is meant 
for any puipose other than cigarette and pipe tobacco manufacture. 

^ Grade designation will be applicable under the following conditions : — 

(1) That the consignment is meant for export against a firm order from buyers 
from foreign coimtries other than the United Kingdom, the phrase * firm order * being 
defined to mean either that the whole of the purchase money is to be paid in cash 
before hand or is guaranteed in some other way. 

(2) That the packing is done at the authorized premises under the supervisiom 
of the Tobacco Inspectorate staff. 



SxATBMSNT Y * — StoJUmefiJt ehowing the dassificoitoin of various paddy varieties for Civil SvppUes procurement 

in Madras by each district. 
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Statement V ,-^State7nent showing the dassificcUion of various paddy varieties for Civil Supplies procurement 

in Madras by each district — cout. 

(Civil Supplies Department Classification ) — cont 

Special sort. First sort. Second sort. Third sort. 
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ishnakatukuli 



XIV. Ancmiapwr. 

Delhi Bhogaht, Bangara theegalu . . Maharaja Bhogalu, Telia sanna .... Kesari , Chennangi and Budama. 

® ’ vadlu, Yerra satma vadlu. 
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Statement V . — Statement shotoing the classification oj various paddy varieties for Civil Supplies procurement 

in Madras by each district — cont. 

(Civil Supplies Department Classification) — cont. 

Special sort. Fist sort. Second sort. Third sort. 
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BTATEMENT VI . — Quantity and vHH/w of produce graded under 
‘ Agmark ’ in Madras (1938-39 to 1949-60). 



Quantity, 

Folus 

rupees). 

Kggs (lakhs) 

194*3 

16*61 

Oranges (lakhs) 

82*3 

9*67 

Cigarette tobacco (million lb.) 

20673 

2,732*60 

Rice (000 maunds) 

896-7 

62-00 

Lime fruits (lakhs) 

20-8 

0*20 

Potatoes (000 maunds) 

78-6 

3*22 

Gingelly oil (000 maunds) . . " . . 

1*3 

0*56 

Cotton (000 bales) 

1-2 

1*80 

Jfi«gory (000 maunds) 

2 4*6 

0*77 

Fruit products (000 gaflons) •. 

6*2 

0*30 

Ghee (000 maunds) 

7*8 

12*48 

Mangoes (000 maunds) 

26*0 

1*04 

Total e. 


2,926*70 



CHAPTER 30. 

AGRICULTURAL EDUCATION AND TRAINING. 

Early history— The Saidapet College Diploma Course— New College 
at Coimbatore— Affiliation to the Madras University and the institution 
of a degree-HSyllabus and other details— Short courses in Agriculture — 
second Agricultural College at Bapatla affiliated to Andhra Univer- 
sity— MJc. Degree in Agriculture, provision for — The nature of educa- 
tion in the two Colleges— Elementary agricultural education— Agricul- 
tural middle schools, Anakapalll, Taliparamba and Usilampatti, 
their failure— Rural education. Juvenile schools attached to farms and 
Agricultural Research Stations — ^Training courses — Short courses in 
practical i^riculture and practical training to sons of land-owners in 
agricultural research stations— Short courses in co-operation, soil 
conservation, malt making, fruit canning, horticultural practices — 
INploma for advance horticultural course — ^Agricultural training lor 
Koya boys— Scheme for training fleldmen and maistris— Agricul- 
tural education for farmers in Ceded Districts — ^Training of rural 
blacksmiths at the Research Engineer’s workshop — The Agricultural 
Training School, Orathanad — ^Appendices showing prizes, medals 
and scholarships available at the Agricultural colleges, Coimbatore 
and Bapatla. 

Introduction. — The object of the Agricultural College in the 
State as elsewhere in India has been two fold : (i) To train the 
personnel required to stall the Agricultural Department, and (ii) to 
create a class of educated farmers, who will act as pioneers m 
adopting progressive methods in agriculture, and lead the way for 
other ryots. While the latter object has not been fulfilled to the 
extent visualized by the early sponsors of Agricultural Education, 
the colleges have performed the function of training men for the 
agricultural departments, a function, as recognized by the Royal 
Commission on Agriculture in India, of the utmost importance for 
the welfare of the State. 

Collegiate Education — Early history of Agricultural Education . — • 
Madras is the pioneer among the States in India in the matter 
of imparting instruction in Agriculture. A few apprentices derived 
the benefit of instruction of an elementary character given at an 
Experimental Farm at Saidapet from' 18G8 under the charge of 
Mr. W. R. Robertson, m.r.a.o. 

Eight years later, in 1876, the imparting of instruction in 
agriculture was organized on a more systematic basis with the 
founding of a school of agriculture at Saidapet itself with an Experi- 
mental Farm attached to it. Mr. Bobertson was appointed 
Principal of the school. The educational side of his work was 
controlled by the Director of Public Instruction while the manage* 
ment of the farm was controlled by the Board of Bevenue. Two 
years later the name of the school was changed into that of 
Agricultural College. 
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In 1886, the Madras Technical flducation Scheme came into 
operation, by which technical examinations were conducted in 
various subjects, among which Agriculture was included. Two 
courses of studies, one of three years leading up to the Diploma 
in Agriculture and the other of one year leading to the Group 
Certificate in Agriculture were introduced. 

This scheme was found to be defective in several respects, chief 
among which was the excessive number of subjects and their range. 
The closing of the experimental farm' added to the difficulties, by 
restricting the scope for practical work. As a result of the recom- 
mendation of a Committee which examined the courses of study m 
1888-89, the Government in 1890, directed the abolition of the 
junior course and gave the Director of Agriculture, who was then 
a member of the Doard of Bevenue, a voice in the management of 
the College. Difficulties attending the practical course consequent 
on the closing of the farm were removed by making available enough 
laud to serve the purpose. 

The Diploma Course continued with such minor alterations as 
were found to be necessary from time to time till a complete 
reorganization was carried out on the recommendation of 
Mr, J. Mollison, the Inspector-General of Agriculture, who visited 
the College m 1902-03. As per Mr. Mollison’s findings about its 
unsuitability for the growing needs, the College at Saidapet was 
closed in December, 1907, with the passing out of the last batch of 
students that entered its portals in January 1905. With this the 
history of the Saidapet College closed. 

New College at Coimbatore — The College . — Concurrently with 
the decision to terminate the College at Saidapet, steps were taken 
to found a college in the mofussil which contained all the repre- 
sentative soils of South India and where different systems of 
cultivation could be practised. A site near Coimbatore Town was 
selected and construction of the College building was started in 
1906 and was completed, and occupied in 1909. The first batch 
of students admitted in 1906', received instruction in unoccupied 
bungalows, till the completion of the College buildings. 

The course so far in operation was found to be unsuitable 
and a change involving termination of studies of applied sciences 
with an examination at the end of the second year and devotion 
of the entire third year to the study of the practice and business of 
farming, followed by tours to selected tracts, was introduced. 

A change again was found to be necessary as the syllabus 
was too elaborate for such of the students as desired agricultural 
education for its own sake. In 1913, to meet the needs of such 
unequally equipped students, two courses, a certificate course, 
mainly practical, of two years’ duration and an advanced onfr— 
Licentiate Course — of a further 20 months for the pick of the 
students as judged by the rank secured in the Certificate CouiM 
examiniition, were started. The last batch of students of tbeM 
courses passed out in 1925. 
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The Agricultural College, Coimbatore, was af&liated to tho 
Madras University in 1920 with a three-year course leading to 
the Degree of B.Sc. in Agriculture of the University of Ma^as. 
The minimum qualification for admission to the degree course was 
raised to a pass in the Intermediate Examination in groups I and EE. 

The first batch of students that qualified for the Degree by 
passing the examinations held at the end of the three-year course 
had the Degree conferred on them at the Convocation held in 
1923. The teaching of different subjects in the College was done 
mostly by the heads of research sections in addition to the research 
work. Towards the end of the year 1926, the Government created 
the post of a whole-time Principal and an exclusive teaching staff 
with complete control of teaching in all subjects of instruction. 

This system continued till the middle of 1938 when reversion 
was made to the old system under which some of the heads of 
research sections were again asked to assume responsibility for 
teaching. 

Up to the year 1932, tuition and lodging were provided free 
to all the students coming from Madras State and Coorg. In 
addition to this, during the earlier years of the institution of the 
Degree Course, stipends were given to all the candidates selected 
for admission with a view to ^tract the right type of men. But 
in the course of next few years, these inducements were found 
unnecessary, agricultural education becoming increasingly popular, 
and the number of candidates seeking admission far exceeded the 
number of available seats. The stipends were abolished, substi- 
tuting in their place, a few scholarships for the benefit of the 
Backward Classes. From the year 1932-33 onwards, fees were 
levied both for tuition (Ks. 120 a year) and lodging (Bs. 24 a year). 
Students coming from other States had to pay as before fees at an 
enhanced rate of Es. 1,200 per year, this sum being computed to 
be equivalent to the coat incurred by the State in providing agri- 
cultural education per student in the college. The levy of capitation 
fees to outsiders was stopped in 1950, consequent on the birth of 
New Constitution. 

Number admitted and changes in the syllabus . — Twenty 
students were admitted annually previous to 1926 for the Degree 
Course. The number of admissions was subsequently raised to 48 
on the completion of the Freeman Building which ]^ovided space 
for housing the College. From 1944 to 1948 the strength was 
raised to 96 with three seats reserved for lady students. This 
increase was made with a view to provide adequate trained per- 
sonnel for the execution of several Post-War Eeconstruction 
Schemes relating to development of Agriculture. In 1949 the 
number was, however, reduced to 80. 

In 1945 a second Agricultural College was opened at Bapatla 
in the Guntur district. 

Previous to 1932 there were only two examinations at the mi 
of the second and final years. From 1932, however, three examin* 
•tions uo being held, one at the end of each year. 
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The original syllabus was enlarged in 1943 instituting Agri- 
cultural Economics as a separate subject. This was further enlarged 
in 1948-49 by the addition of another subject, viz., ‘ Fropagan^ 

Students’ Hostel. — A hostel is provided for the students. At 
present there are 134 double rooms and six single rooms. Separate 
messes are run for vegetarians and non-vegetarians. In 1947, 
under orders of the Government, the management of the messes 
was transferred to the students. Each mess is managed by a 
committee of three students elected by the members of the mess. 
The general management of the Hostel is vested in the Principal 
who is the ex-ofScio Warden. He is helped in his work by a 
Senior Deputy Warden and Junior Warden. 

Games. — Sports form an important item of extra curricular 
activity and there are a number of Cups and Shields donated for 
creating healthy competitive spirit among the students. Extensive 
playgrounds are provided near the College Hostel, where cricket, 
Jiockey and football are played. In 1946, an additional hockey 
field was laid out to meet the requirements of the increased number 
of students participating in games. In addition to the above- 
mentioned games, tennis, tennekoit, volley ball, basket ball and 
badminton are also played. There is also provision for indoor 
games, such as table tennis, carrom, chess, draughts, etc. Staff 
members are appointed as coaches for cricket, hockey, football 
and tennis. A member of the staff who is the Vice-President of 
the Students’ Club guides the Secretary and Games Captains in 
their activities. 

Library. — There is a well equipped library attached to the 
College and Eesearch Institute, the number of books and periodicals 
in 1949-50 being 47,565. 

Museum. — The College Museum is housed in a spacious haU 
in the Freeman Buildings. The collection is representative of 
different tracts of South India and is of considerable educative 
value. 

M.Sc. Degree. — ^Facilities are available in the College and 
Institute for graduates in Agriculture and other science subjects 
for pursuing research work with a view to qualifying for the 
M.Sc. Decree of the Madras University. 

Short courses in Agriculture. — ^With a view to meet the needs 
of young men belonging to families owning lands and who cannot 
afford to undergo the University courses in Agriculture and who, 
at the same time, require a sufficient knowledge of scientific and 
improved methods of agriculture and allied subjects, the Govern- 
ment were pleased to sanction in February 1983 the in stit u tion of 
short courses in practical apiculture,- . n,ot exceeding (me it 
the Agricultural College, Coimbatore. • . ' 
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‘ The details of the different courses in which instruction was 
imparted are given below : — ■ 

Period _ _ 

Name of eoura$. eovered. Jfrem To 

(1) (2) (3) (4) 

1 Pwnoci ni&nageinont Nine months «• June. March. 

2 C^airying Throe „ . . April. June. 

8 Care of ani m ale . . . . Three • . AprU. June. 

4 Insect pests and diseases . , One and a half October. December. 

months. 

6 Malt makin g . • Half month . . April or May or dep- 

, * tember. 

0 Manures . . . . . . One and a half October. November. 

months. 

7 Crop improvement .. Three fourth .. December, (let to 22nd 

months. February). 

8 Jaggery making . . . . Four weeks. 

8 Vegetable gardening inclu- Six months .. August. January, 
ding Horticulture, or 

Horticulture alone . . Three months • • October. December. 

10 Bee-keeping . . . . One month . . February. 

Each course is complete in itself but two or more courses may 
be combined. Young men of about S.S.L.C. standard or its 
equivalent and with minimum age of 16 years were made eligible 
to join the courses. 

The courses were popular but are now kept in abeyance due 
to the increased admissions to the Degree Course. 

Second Agricultural College, Bapatla , — The Bapatla Agricul- 
tural College was opened in July 1945, under the Post-War 
Eeconstruction Scheme, for providing an adequate number of 
trained personnel for the execution of the various Post-War Kecon- 
struction Schemes, Several sites were inspected and Bapatla in 
Guntur district was finally selected as a suitable place. Bapatla 
is central for Northern Circars and the Eayalseema and serves 
mostly the needs of Andhra Desa. The College is housed in the 
old District Board High School Buildings to which an additional 
wing has been added to accommodate lecture halls and labora- 
tories. Fairly extensive areas of lands are available for providing 
playgrounds and raising garden crops. 

All the students, unless exempted for special reasons, are 
required to stay in the hostel attached to the College. The main 
hostel accommodates about 115 students. The rest of the students 
are at present housed in seven buildings rented temporarily. A 
second hostel building is under construction. 

A farm comprising an area of 59 acres was taken on lease 
^temporarily at Machavaram about 10\ miles to the north of 
Bapatla, The distance of the farm being 10| miles from the 
Ooflege, six Government buses have been provided for taking the 
pludents regularly to and from the farm. This farm was relm- 
quished on SObh June 1950. A farm comprising an area of about 
^ acres whiph will admit of all the three types of cultivation, 
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▼iz., wet, garden and dry, Tini» been acquired. Henceforth, this 
will be the permanent farm< of the College. The new farm is 
situated about 2| miles to the north of the College and is on the 
Bapatla-Guntur Boad. 

The course of study in the College extends over three years, 
leading to the B.Sc. (Ag.) Degree of the Andhra University, 96 
students being admitted each year with three seats reserved for 
lady students. Since 1949-50 the number of admissions is limited 
to 80. Candidates for admission to the course should have passed 
the Intermediate Examination .having offered as optionals Chemis- 
try and any two of the following subjects : Mathematics, Physics, 
Biology, Botany, Natural Science, Zoology and Agricultnre. 

Three examinations are conducted for the Degree Course, one 
at the end of each year of study. The candidates should pass in 
all the three examinations before qualifying for the degree. 

M.Sc. Degree in Agriculture. — Recently the Andhra University, 
on the recommendations of the Board of Studies in Agriculture, 
has framed the necessary regulations, for candidates to take up, 
under the guidance of a recognized professor, a course of study 
in some research problem connected with Agriculture and qualify 
themselves for the M.Sc. Degree in Agriculture, by a thesis and 
by a written examination at the end of the course. 

What is taught in the Agricultural College, Coimbatore and 
Bapatla. — The Agricultural education that is being given in Coim- 
batore and Bapatla may be said to be almost an ideal of what 
sound teaching should be; where theory and practice go not only 
hand in hand, but where both keep pace with the latest develop- 
ments. The course leading to the B.Sc. Degree in Agriculture 
is one of three years, and consists of a fairly advanced study in 
agriculture and its allied sciences, and has been considered as one 
of the best in India. The instruction in farming has many features 
of its own. The students participate in all farm operations. 
They handle animals, fit up ploughs and work them in dry lands 
as well as in the puddles of the wet lands. They dig and cart 
manure, form plots, work the mhotes, irrigate the fields, raise 
seedlings and transplant them, harvest the crops, cart and thresh 
the produce, and in fact take part in every farm c^erafion. They 
are also taken on tour to typical agricultural tracts of the State. 
This comprehensive training in practical agriculture is by far the 
most important part of the curriculam for it gives the students an 
insight into their future work and enables them to learn the art 
and science of improved agriculture as a profession, first hand. 

Another branch of agriculture taught is dairyin g . This 
includes the care of dairy cows and calves and the proper method' 
of varying the feeds according to milk yields. The calves are 
weaned immediately after birth and handfed with regulated 
quantities of milk. This ‘ weaning ’ has two advantages. The 
feeding is regulated and diseases caused by over and under feeding 
are prevented. The calves thus weaned grpw intp healthy 
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The cows get accustomed to milking without calves. The data 
of miiy yields thus obtained are reliable. The students attend to 
millring of the COWS and participate in the recording of milk yields. 
They are also given practical training in the disposal of milk on 
hygienic lines. The milk is separated into the more valuable 
cream and the less valuable skim-milk containing little or no fat. 
The students learn first-hand advanced methods in dairying and 
butter making. The practical training in animal husbandry 
equips them to take good care of the farm animals and to treat 
them for common ailments. 

In Botany, besides systematic and physiological aspects, a 
special detailed study of crop botany is made. Every crop is 
studied thoroughly. A fair knowledge of the inheritance of charac- 
ters in crops is imparted. The practical application of this branch 
of science is demonstrated to students in the research and breeding 
stations where advanced work on plant breeding is in progress. 
In Agricultural Chemistry, they get a good training in the analysis 
of soils, manures, fodders, oil-cakes and milk. The course in 
Entomology and Mycology is of practical value to help them to take 
timely remedial and preventive measures against the pests and 
diseases of crops. Lastly, the study of Engineering gives them 
a working knowledge of engineering, pertaining to farm machinery 
and building constructions. 

The graduates of these colleges are well fitted to serve in any 
branch of the Agricultural Department, in the Co-operative and 
the Eevenue departments and also to take service under Zamin- 
dars and landed aristocracy in the management of their lands 
besides serving as science assistants in schools and colleges. They 
are in a position to take up independent farming provided they 
own or purchase or obtain on favourable terms sufBcient area of 
land of average fertility. 

Board of Honorary Visitors to the Agricultural Colleges . — ^With 
the object of associating a certain number of non-official gentle- 
men in an honorary and advisory capacity with the Agricultural 
College and Kesearch Institute, Coimbatore, and the Agricultural 
College, Bapatla, the Government appointed some selected gentle- 
men who take practical interest in Agriculture. The honorary 
visitors, whenever they visit the institution, are required to enter 
any remarks and observations they may wish to record regarding 
the work in progress in the college. 

The Government in the year 1942 replaced the system of 
api^inting visitors by the constitution of a “ Board of Honorary 
visitors ”, consisting of the Principal of the College as Secretary, 
the Collector of the District as the Chairman, the Deputy Begistrar 
of Co-operative Societies of the district and three non-official 
gentlemen from the district in which the college is situated. The 
ranctions of the Board are purely advisory. The Board should 
hold half-yearly meetings at the Agricultural Colleges. The mfy- 
oeedings of the meetings are to be forwarded io Government, 
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. EtRMBNTARY AGRICULTURAL EDUCATION. 

Agricultural middle schools. — ^At the instance of the Govern- 
ment of India, a Conference on Agricultural Education in India 
was held at Simla on 12th June 1917. This conference passed 
certain resolutions based on the policy that apart from the estab- 
lishment of Agricultural Colleges in States attempts should be 
made to develop a method of direct tuition in Agriculture to 
agriculturists of school-going age. 

One of the several resolutions passed was that every rural dis- 
trict should have one or more Agricultural Middle Schools usually 
situated near the demonstration or experimental farms. 

For implementing this resolution, it was reported to Govern- 
ment early in 1918, that it would be enough to start two experi- 
mental upper primary Agricultural Schools — one for the Tamil 
area near the Central Farm, Coimbatore, and the other for the 
Telugu area near Anakapalle Farm. The Government accepted 
the proposal in 1918 and ordered that a Joint Committee of the 
Officers of the Agricultural and Education Departments should 
work out the details of the proposed two Agricultural Middle 
Schools. The two agricultural middle schools were opened in 
1922 — one at Anakapalle in Visakhapatnam district and the other 
at Taliparamba, Malabar district. 

(i) Agricultural Middle School, Anahapalli. — The Anaka- 
palle school did not prove a success. Despite propaganda, it was 
difficult to obtain students. As there was no demand for this 
class of education in this district, the school was closed in 
December 1927. 

(ii) Agricultural Middle School, Taliparamba.. — ^In regard to 
the Agricultural Middle School, Taliparamba, the following state- 
ment gives the number of boys who sought admission to the 
Agricultural Middle School each year, since it was started, the 
number admitted and the number of boys who passed out of 
the school and how they are employed : — 



Tmt. 

Number of boys 
who 90ught admUirion. 

• » 

Number 

Number who 
completed the 


(1) 

Numbw 

who 

applied. 

(2) 

Number who 
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interview, 

(8) 

admitted, 

W 
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1922 


20 

20 

20 

First yew 

1923 


20 

16 

16 

Seocmd yew 

1924 


33 

27 

27 

14 

1926 


24 

17 

17 

13 

1926 


34 

19 

19 

IS 

1927 


79 

38 

88 

4 

1928 


40 

22 

19 

11 

1929 


41 

20 

17 

30 


Tot»l . . 

291 

179 

I75 
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Number engaged 
informing^ 


81 


( 1 ) 


How THE BOYS ABB EMPLOYED. 



4 10 12 2 26 


(7) 

6 


( 8 ) 

90 


“It is evident that there is no real demand for this type of 
education. On the average we have been able, by dint of tremen- 
dous efforts on the part of the Deputy Director’s staff, to get only 
half the number of students that the school can accommodate. 
Of these only half manage to struggle on to the end of the course 
and of these only one-third find their way back to the land; that 
is, the school is working at only one-twelfth eflSciency. An 
average of four students per year who return to agricultural occu- 
pation is a very poor return for such a costly outfit. We could 
achieve as good a result if there were only a limited real demand 
for this type of education by running the farm in an ordinary 
way and. taking in boys to work on the farm giving them accom- 
modation and charging them full rates for their food, and with- 
out expensive equipment. There is no real demand for this type 
of education however.” 

On the recommendation of the retrenchment committee the 
school was closed on Ist April 1932. 

The Agricultural Middle School at Usilampatti . — This school, in 
Madura district, was opened in the year 1929 and was maintained 
by the District Board, Madura, with the aid of a contribution from 
the Government. The object of establishing the school was 
mainly to impart Agricultural Education to boys belonging to 
Kallar community. Only those boys who have lands to which 
they can go to were to be admitted in the school and the strength 
was to be 40 boys. The Agricultural Department lent the services 
of two upper subordinates to the school, one to be Headmaster of 
the school and the other for farm work. Government gave a grant 
of Es. 13,909 in 1928-29 and Es. 6,160 in 1929-30. The strength 
of the school up to 1937-38 is given below : — 


loso-so 

• a 

14 

1932>83 


38 

1936-36 

• • 

30 

IMO-Sl 

• • 

16 

1933-34 

, , 

39 

1938-37 


26 
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23 

1934-35 

. . 

32 





The school was ordered to be closed at the end of the school 
year 1937-88, as Government declined to grant subsidy for 
nmning of the school. 

Rural education— Juvenile schools attached to Agricultural 
Research stations . — The schools for juvenile and adult labourers 
at the Oeniral Pann, Coimbatore, and the Agricultural stations at 
Palur and Anakapalle were started during 1927-^28 and are being ^ 
ooatinued with bertain modification on temporary basis. 
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The object of the schools is to provide general and agricultaral 
education for the sons of labourers, who would not otherwise go 
to school. The schools aim at inculcating to the boys improved 
methods in farming practices obtaining in the neighbourhood. 
These schools do not aim, high but play a useful part in the prob- 
lem of agricultural education in the countrj' and are worth the 
money spent on them. 

The school at Coimbatore was reorganized in 1932, and as a 
consequence, the strength of the school increased. The night 
schools at Coimbatore and Palur were closed in 1935 and 1936 
respectively under orders of Government. 

The sons of farm labourers and a few others are paid full 
day’s wages for half day’s study at the school and half day’s work 
at the Farm. From 1942 the schools at Palur, Anakapalle and 
Coimbatore are complete elementary schools with five standards. 
The schools are on temporary footing and sanction for their 
continuance in being renewed every year. 

Elementary School attached to Agricultural Research Station, 
Samalkota . — The Government sanctioned the opening of a school 
at the Agricultural Eesearch Station, Samalkota, during 1942 to 
provide elementary education for the juvenile and adult labourers 
emj)loyed at the Station at a cost not exceeding Es. 660 per, annum.- 

Government sanctioned the creation of the post of a Lower 
Elementary trained teacher in the scale of Es. 20 — 2/2 — ^24 — 1/2 — 
28 for the Elementary School for juveniles and adult labourers 
at the Agricultural Eesearch Station, Samalkota. 

The school was started with three standards an,d admission was 
limited to 15 boys for the day school and 20 for the night school. 
The Deputy Director of Agriculture was permitted to admit at his 
discretion boys in excess of the number prescribed for the day 
school but the boys so admitted were to receive free tuition but' 
were not entitled to wages. 

The boys may attend school either in the morning or afternoon 
and will work on the farm for the rest of the day. Instruction is 
free and they are paid wages at boys’ rates for each day’s atten- 
dance at school. 


Training OoUbses. 


Short course in practical Agriculture at Coimbatore . — Short 
courses on the following subjects were given at the Agricultural 
College, Coimbatore, and the number of candidates who under- 
went the course during the period 1937-38 to 1941-42 are 
furnished 


1 Farm managemant 
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3 Inseot pests and diseases . . 

4 Dairying 

6 Malt making 

6 Care of animals 

7 Bee-keeping 

8 Jaggery making 

9 Farm implemenis» manuring and 

crop improvement 


3 3 2 3 

4 .. 12 

4 .. 16 

2 4 3 5 

2 5 3 5 

2 4 4 5 

2 4 4 4 


The students who underwent the Farm Manager’s course 
attended other short courses also mentioned above. The courses 
were kept in abeyance due to lack of accommodation consequent 
on the increased admissions to the degree course. 


Short courses hi practical agriculture at Nandyal and Tali- 
paramba. — In September 1935, a proposal was made to Govern- 
ment for starting short-course training in Agriculture at the Agri- 
cultural Research Stations, Nandyal, Taliparainba and Kalahasti. 
But <he Government ordered the opening of short courses in prac- 
tical agriculture at Agricultural Research Stations, Nandyal and 
Taliparainba, only during 1936-37. 


Nandyal. — The course extended over a period of nine months 
from July 1937 to March 1938. Nineteen applications were 
received for admission, but only six candidates appeared for inter- 
view. All the six were selected, but only three completed the 
course. The students underwent training both in theory and 
practice, two hours a day having been allotted for the former and 
six hours for the latter. 


Taliparaniba. — The course was given for about eight months 
commencing from August 1937. Five candidates were selected 
for admission of whom four joined the course and one left soon 
after joining. The remaining three completed the course satis- 
factorily and were reported to have gone back to the land after 
training. 

Practical Training in Agriculture to sons of landowners. — ^With 
a view to give training in practical agriculture to unemployed 
educated yoimg men in land owning agricultural families and 
thereby affording them an opportunity to take an intelligent 
interest in their own lands, the Government ordered in 1936 that 
arrangements be made to train 150 students for a period of four 
months during the cultivation season (September to December)’ 
at the several agricultural stations in the State. The young men 
should have passed at least the S.S.L.C. Examination and should 
be drawn if suituble candidates are available from all the districts 
at the rate of not less than six in.each. They were to be nominated 
by the Collector of the district in consultation with the local 
officers of the Agricultural Department and were to be finally 
selected by the Director of Agriculture. The selected e.fl.ndida t ff #' 
were to be paid a stipend of Bs. 15 each per mensem. 



1372 MEMOIRS 09 THE DSPARfMElTr OF AORlOOimmS, MADRAS 


The number of candidates who were taken for the training at 
the various Agricultural Eesearch Stations during 1936 was aa 


follows : — 

Number 

Name of Agrirndural Research tdhmfar 

Station. training. 

( 1 ) ( 2 ) 

Anakapalle S 

Samalkot S 

Maruteru It 

Ountur 9 

Hagari 9 

Kondyal . . . . • • t 

Kodur . . . . • • 9 

Palur and Tindivanam . . • • . . . . 14 

Qudiyattam . . ’ . . . . 6 

Kalahasti • • • ■ ■ • 9 

Aduthurai • • • • 8 

Koilpatti . . . . . . . . . . • . 19 

Ooimbatora .. •• •• •• •• •• 19 

Kazjanad 9 

Pattambi . . . . • • • . • • 9 

Kasaragod 9 


Total . . 128 

Course in co-operation . — ^In 1934 a course of instruction in 
Co-operation, Auditing, Book-keeping and Banking was instituted 
for the B.Sc. (Ag.) students to enable them to pass the Government 
Technical Examinations and to qualify for appointment as 
Inspectors in the Co-operative Department. As there was no 
proper response from the students for the above, the course was 
abandoned in 1936. 

Soil conservation training at Bellary . — Soil conservation is a 
combination of Agricultural Engineering and Afforestation prac- 
tices and as such a knowledge in all the branches is essential. The 
principal staff to be entrusted with the scheme was, therefore, 
trained at the Soil Conservation Institute at Sholapur. Among 
the various soil conservation practices such as Contour Bunding, 
Contour Trenching, Gully Plugging, Terracing, Strip Cropping, 
Eotation of crops. Manuring, Weed and Pest Control, etc., it is 
proposed to execute only the Engineering practices such as Con- 
tour Bunding, Contour Trenching, Gully plugging, Terracing, etc., 
by the department as these measures have to be adopted on a 
catchment. The biological methods of soil conservation are pro- 
posed to be advocated for adoption. As such the execution will 
mainly fall on the Engineering side. As requisite Engineering 
personnel are not available in the department, necessary training in 
Soil Conservation with particular reference to Soil Engineering 
was given to eighteen Agricultural Assistants, who are posted as 
Soil Conservation Assistants. Besides' it was felt that the training 
at Sholapur was more theoretical and for immediate employment 
on the scheme they would require farther training in practieal 
work in Engineering, particularly survejring. Eighteen Agrica}' ' 
tural G^uates trere, therefore, trained in Soil Conservatimi hf 
the Assistant Agricultural Engineer at' Bdlary. . . . . ’ 
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Short course of training at Malt Factory, Coimbatore . — ^In 
1944, Government sanctioned the institution of the one month’s 
training course at the Malt Factory. A number of candidates 
received training in the factory from the year 1944 to the end 
of 1949. 

Short course in Fruit Canning and Preservation. — ^In 1945, the 
Government sanctioned the institution of a short course of training 
in Fruit Canning and Preservation at the Fruit Eesearch Station, 
Kodur. The duration of the course is for a period of three months 
or- for a shorter period according to the choice of the individual 
trainee and his capacity. Only one or two students should be 
admitted for training at a time. The students are charged a fee 
of Es. 25 each for the entire course which should be paid in full 
in advance. The number of persons who underwent the three 
months’ training in Fruit Canning and Preservation is noted 
below 

Year. 

1945 

1946 

1947 

1948 

1949 

Total . . 23 

Short course in Horticultural practices, — ^In 1944, the Govern- 
ment sanctioned an one-year course training in orchard practices; 
only two candidates were trained up to January 1950. 

' In 1947, the Government sanctioned one month’s training 
course in methods of grafting at the Fruit Research Station, 
Kodur. Seven candidates were trained under the scheme. Be- 
sides, four Upper Subordinates and 45 regular coolies of the 
department were given training for varying periods. 

Horticultural course, — A diploma course and a certificate course 
for specialized training in Horticulture were instituted in the year 
1948. The diploma course is open both for private candidates and 
subordinates of the Agricultural department, while admission for 
the certificate course is restricted to fieldmen serving in the Agricul- 
tural department. Three to four scholarships of the value of 
Rs. 100 each are offered to the private candidates selected for 
admission. The subordinates of the Agricultural Department 
draw their usual pay and allowances during the course. The 
training is in charge of the Fruit Specialist, Madras, and at the 
end of the courses, examinations are held on the basis of which 
Diplomas and certificates are awarded. The syllabus for the 
advanced course leading to Diploma in horticulture is comprehen- 
sive, and covers the full range of subjects relating to horticultural 
theory ajad practice while the syllabus for the certificate course 
lays emphasis on the practical side such as grafting of fruit plants# 
nursery raising, vegetable gardening, etc. Both the courses have 
jpEOied useful/ and popular. 


Number of 
persons, 

2 

6 

4 
6 

5 
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Agricultural training of Koya boys . — ^In 1929, the Government 
sanctioned the training of six Koya boys in practical agriculture 
at the Agricultural Research Station, Anakapalle, for a period of 
nine months and an expenditure of Rs. 870 towards the payment, 
of stipends and travelling allowance. Only candidates who had 
studied up to the primary standard and who could read and write 
Telugu were to be selected for the training. The grant of the 
stipend was subject to the conditions U) that the candidate exe- 
cuted a bond binding himself to serve the department, if there 
was need, as a demonstration maistri or coolieln the Agency tract 
at least for a period of one year after the training is over, (2) that, 
if the candidate discontinued the training before the prescribed 
period except for reasons of health, the stipends drawn should be 
recovered from him, and (3) that he should put in an attendance 
of at least 25 days per month for the drawal of the stipend. 

The training actually commenced only from June 1940, as the 
Agent to the Government of Madras, Cocanada, was able to select 
six Koya candidates only. Out of the six candidates selected, only 
five actually joined the course. The training imparted to the boys 
was of practical nature comprising practical agricultural operations 
of successive crops at the Agricultural Research Station, Anaka- 
palle. All the boys gained enough practical knowledge from the 
training which they underwent for nine months. The same train- 
ing was repeated for another batch of six Koya students in 1942-43. 

Scheme of training fieldmen and demonstration maistris . — 
The Government sanctioned in 1945 a scheme for training 520 
candidates as fieldmen and 2,740 candidates as demonstration 
maistris. The cost of the scheme was shared by the Government 
of India. 

The object was to have an adequate number of non-graduate 
staff to meet the demand for trained personnel in the Grow More 
Food and Post-war Sichemes of the Agricultural department. 

The fieldmen candidates were trained in batches of 20 in each 
of the six Agricultural Research Stations, viz., Anakapalle, Samal- 
kota, Nandyal, Aduthurai, Koilpatti and Pattambi; the course of 
training was for four months. The maistri candidates were trained 
likewise in all the Agricultural Stations at 20 in each station in 
batches. 

The stipend paid for fieldman candidates was Rs. 20 per mensem 
and that for demonstration maistris was Rs. 15 per mensem. This 
training scheme was worked during the years 1945 to 1947 and 
given up at the end of 1947 after a sufficient number of personnel 
were trained. They were ultimately absorbed in service in thu 
department. 

Agricultural education of farmers in Ceded Districts. — ^3n 19f^. 
the Government sanctioned a scheme for the Agricultural educatkpD 
of farmers in Ceded Districts. During the 1948-49, 20 ryots 
each of the four taluks of Hospet, Qirnguppa, Alar and 
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the Bellary district were to be taken to the Agricultural Eesearch 
Stations at Siruguppa and Bliagavatlii in the same district, with 
the object of showing to them the improvements in irrigation 
farming in these areas. The Government sanctioned Es. JL,000 
towards the cost of the scheme. 

Training in Food Yeast manufacture, — ^In 1948, the Govern- 
ment sanctioned the training of private candidates in the manufac- 
ture of food yeast at the Agricultural Eesearch Institute, Coimbatore, 
for a period of three weeks on a tuition fee of Es. 25 per candidate 
payable in advance. This training should be given by the Govern- 
ment Mycologist without prejudice to his normal duties. 

Training in Dairy Husbandry, — Based on the recommendations 
of Dr. H. D. Key, Director, National Institute of Eesearch in 
Dairying, a scheme for training to selected cultivators in dairy 
husbandry, has been put in force in Coimbatore. The first batch 
of 12 selected cultivators had their training in 1950 and the scheme 
has been sanctioned for 1951 also. 

Scheme for the training of rural blacksmiths at the Research 
Engineer's workshop', — This scheme of training began with small 
venture conducted with a senior rural blacksmith deputed from 
Hosur and a second man from Pollachi in November 1940 and 
January 1941 respectively. Enquiries were then made of the 
several District Agricultural Officers of the chances of obtaining 
more rural blacksmiths for programming a regular course of train- 
ing. 

When this was ascertained, fifteen rural blacksmiths were 
reported as having expressed their willingness to undergo training 
in the worksliops in the manufacture of spares for improved ploughs 
of the various types recommended and demonstrated by the depart- 
ment. On the basis of this number, a scheme of training was 
drafted with details of expenditure and proposals were submitted 
to Government who approved of the scheme m 1942. When the 
sanctioned scheme was proposed to be commenced from the begin- 
ning of January 194'2, only one smith from I\)llachi reported 
himself and completed his two months’ training. The scheme for 
training of rural blacksmiths was deferred for the duration of the 
war. However, to such of the rural blacksmiths as turn up for the 
training, training is given. 

The Agricultural Training School, Orthanad, Tanjore district . — 
The school was sponsored by the District Board, Tanjore, and 
financed by the Eaja’s Endowments (Chatram) Funds. This 
scheme was sanctioned by Government in 1947. Government also 
agreed that during a year in which the expenditure on running 
the school exceeds the income, the net expenditure be borne equally 
by the State Government and the Tanjore District Board and that 
if in any year the income exceeds the expenditure, the nett income 
be credited to the institution for being spent on its expansion and 
development. The school is now no more a Government Institution 
A»M.— 97 
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and is being managed by the District Board, Tanjore. This 
institution was started with a view to impart practical trahung 
in scientific agriculture to the sons of landholders and of prominent 
cultivating tenants who pledge themselves to go back and develop 
their lands after completing the course. Such a pledge was taken 
to ensure that the boys who got the training did not aspire for any 
job in the Agricultural department such as maistris or fieldmeu. 

Out of 45 candidates selected by the advisory committee as suit- 
able for admission in 1948-49, only 14 candidates joined the school; 
out of them two boys dropped out. The remaining 12 boys took 
keen interest in the training and all of them passed the final exa- 
mination conducted by the Board of Examiners. In 1949-50 m 
spate of wide publicity only 16 boys underwent the training; of 
these ten were deputed by the Government from the Senior Certi- 
fied School, Chingleput. This school has got a hostel to accommo- 
date 36 boys and it has also got a farm and a dairy. 

In this State about half a dozen Ails Colleges have Agriculture 
under Part 111 of the Intermediate in Science examination of both 
the Andhra and the Madras Universities. The alumni of the Coim- 
batore Agricultural College are now handling the lectures. 

For the past ten years in more than a dozen high schools 
Agriculture is an optional subject under group C for the Secondary 
School-Leaving Certificate Examinations. Thus agricultural edu- 
cation in Madras exists in four phases, elementary, secondary, 
collegiate and post-graduate. 
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Octlege achoHanh^, 1951-52— AgrieuUwral College, Coimbatore. 
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AgrieuUiiral C<AUge, Bapatla — Backward Communities. 
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msti^ent no amount haa ao far been received. 



CHAPTER 31 

EXTENSION WORK. 

T ranslatio n of results of research In the ryot’s fields— General 
policy, simple Improvements and direct demonstration— The ad- 
ministrative set-up — ^Methods of propaganda and publicity — Agri- 
cultural Demonstrators and their duties— Trial plots— Observation 
plots— Demonstration plots— Demonstration Farms on ryots lands — 
Agricultural Associations, exhibitions and shows — ^Motor exhibition 
vans— Co-operative societies— Prizes and awards for Improvement — 
Publicity — ^The villagers’ calendar — Leafiets — Agricultural digest 
and press jottings— Scientific pubiications — Grow More Food journals 
In Tamil, Telugu, Kannada and Malayalam — Radio talks — Seed 
farms— Seed distribution schemes— Free distribution of seed— Propa- 
ganda on farmyard manure preservation, green manures, compost 
making — Purchase and distribution of manures — and schemes for 
popularising phosphatic manures — Controlled distribution of iron for 
agricultural purposes— Special extension courses— Takkavi loans — 
Land development work, the Wynnad colonisation scheme. Subsidiary 
food crops— Plant protection organisation. 

Introduction. — The primary purpose of agricultural research 
work is the acquisition of exact knowledge and the ultimate pur- 
pose is the translation of this information into concrete improve- 
ments which the cultivators can adopt as part of the ordinary 
farming practice. This dual aspect of research work in the labo- 
ratory and demonstration and propaganda in the field may be said 
to form the main functions of the Agricultural department. The 
chief centres of research are the Research Institute at Coimbatore 
equipped with a staff of specialists and the Research Stations 
spread all over the State. In the districts the Deputy Directors 
of Agriculture and the District Agricultural OfiBcers who are in 
intimate association with the research officers have twofold func- 
tions to perform, namely, putting to te.st on a field scale the im- 
provements suggested at Coimbatore and at other Research Sta- 
tions, in places which may at times be dissimilar in soil and climate 
and investigating the various local problems in farming practice. 

To translate the results of research into the cultivators’ fields, 
there is the district staff of demonstrators and their subordinates 
under the supervision of the District Agricultural Officers. They 
educate the farmers in the new methods and persuade the latter 
to adopt them. Steeped in tradition and by nature disinclined to 
take up to a system to which he is unaccustomed, the ryot is natu- 
rally cautious and quite rightly wants to be convinced of the reli- 
ability and efficacy of the new practices suggested by the depart- 
ment before he is willing to adopt them. The experimental 
stations by themselves do not impress him, since he has neither 
the back^ound to appreciate or grasp the technique of experi- 
mentation nor the equipment to assess the need or scope for 
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advance through scientific methods. Most of the ryots are illite* 
rate and pubhcations on agricultural subjects can but affect only 
a small section. It is necessary, therefore, to go to the ryot to 
demonstrate and persuade him, rather than wait for him to come 
for his personal edification. Agricultural exhibitions are held with 
the above intention on all important occasions and festivals at which 
the niral folk congregate. 

The general policy is to begin with simple improvements and 
direct demonstrations wherein the improved and existing practices 
are displayed side by side. The ryots are given a chance to observe 
for themselves the really effective departmental methods and this 
serves to gain their confidence. The next step is to lead the ryots 
step by step till all that has to be taught is fully demonstrated. 
Perhaps the most occular and effective demonstration is that of 
an improved strain alongside the commonly grown crop. The 
practical ryot is quick to notice the difference and it does not take 
long for him to supplant the old by the new. There is a long list 
of other improvements that require demonstration, affecting every 
aspect of agricultural life, from the use of a tool or implement to 
that of effective manuring, control of pests and diseases, better 
agronomic practices, economic methods of storage of farm produce, 
methods of disposal and utilization of farm wastes and the like. 

The application of the results of research in the field is not 
solely dependent on the capacity of the demonstrator or the num- 
ber of extension workers. The ryots’ response is to a large extent 
influenced by his financial ability to carry out the improvements. 
To be effective, research must, therefore, be shaped so as to evolve 
improvements that will not merely be effective in upgrading agri- 
culture but also be within the reach of the vast majority of farmers 
who are in the lower economic groups. A five per cent reduction 
in seedlings by adjustment of spacing in the field may lead to 
greater benefit than effecting economy in fuel consumpition in a 
high-powered tractor. While both these types of im{M*ovements 
are essential, it is not desirable to belittle the significance of im- 
provements on items that may appear minor but which sometimes 
affect the fives of the largest bulk of our ryot population. The 
work described in this chapter has to be appreciated against such a 
background. 

The various items of propaganda and extension work carried 
on by the department is described in detail in the following para- 
graphs. Of late, it is realized that departmental extension work 
has to be broad-based by enlisting non-ofiicial co-operation in a 
more active manner than in the past. Appointment of honorary 
extension service workers from among the leading non-officials has 
already been sanctioned by Government. EstabUshment of model 
farms and orchards by the Government and by selected non-officials 
has been accepted as a potent method of carrying conviction to the 
ryots. Broadcasts on agricultural subjects in simple and pc^vdar 
language are found to be a very effective means as the number of 
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community radio receiving sets increase in our villages. The 
medium of the cinema has not yet been employed to any appre- 
ciable extent for educating the masses in matters agricultural, but 
is one that is likely to play a more vital part in the future. Method- 
ology in extension work is acknowledged to be of supreme import- 
ance, and with the gradual extension and reorientation of our ex- 
tension service, the existing gap between research and the ryots’ 
field is bound to be filled up and led on to sustained agricultural 
prosperity. 

I. The administrative set-up . — The Agricultural Department is 
under the control of the Director of Agriculture and he is assisted 
by two Deputy Directors at headquarters for guiding the agricul- 
tural propaganda work in the districts. The State is at present 
divided into eight circles of 2 to 4 districts each and each circle 
is in charge of a Kegional Deputy Director of Agriculture. There 
are District Agricultural Officers, each in charge of a district and 
the Taluk Agricultural Demonstrators work under them. The Agri- 
cultural Demonstrators are the officers who do agricultural propa- 
ganda work in the village and carry out practical demonstrations 
of agricultural improvements. All the taluks have been provided 
with Agricultural Demonstrators and some of the heavy taluks have 
two demonstrators. Mycological and Entomological Assistants are 
also stationed at district headquarters for attending to plant pro- 
tection work. The demonstrators are assisted by fieldmen and 
demonstration rnaistries. The fieldmen are generally of the fourth 
form standard and are used for running demonstration and trial 
plots and for attending to similar items of work. They are em- 
ployed at the rate of one for every two to four firkas, depending 
upon the development and intensity of the work turned out. The 
demonstration rnaistries are literate men who actually demonstrate 
the improved implements, sowing, putting up manure pits, etc. 
They are employed at the rate of one per firka. How the agricul- 
tural propaganda work is being done is indicated in the subsequent 
sections. 

n. Methods of propaganda and publicity — (i) Propaganda — (a) 
Agricultural Demonstrators. — Improvements in the several aspects 
of farming and cultivation arc worked out at the various Agricul- 
tural Eesearch Stations in the State and the Agricultural Kesearch 
Institute at Coimbatore. These are passed on to the cultivators 
in the State by the propaganda staff. The Agricultural Demon- 
orator is an agricultural graduate and serves as the chief connect- 
ing link between Eesearch stations and cultivators in the dissemina- 
tion of agricultural knowledge and improvements in the villages 
among the cultivators. He is assisted in this work by fieldmen 
and literate demonstration rnaistries who have been given prelimi- 
nary grounding in the improved methods of cultivation at the Agri- 
cultural Eesearch Stations. 

The actual cultivators in the village are generally not 
literate, but are well-versed in the art of cultivation. This know- 
ledge has been piassed on to them in a thumb rule manner by 
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generations of cultivators before them, and has been acquired 
largely by trial and error. They are generally conservative to a 
degree and do not easily take to changes in the methods of culti- 
v'ation, unless it is proved to them beyond any shadow of doubt. 
Even then their response is conditioned by the availability of ready 
means to take up the improvements. The Indian cultivator is 
proverbially poor and profitable improvements which he might 
otherwise take up, do not therefore often become useful to him. 
It is under these conditions that the Agricultural Demonstrator 
has to do his work, and he is judged not by the extent of actual 
work done bv him, but by the extent of the improvements taken 
up by the cultivators. This is an unusual standard and the Agri- 
cultural Demonstrator's work may not in all cases be appreciated 
fully and he may not be given tlje credit due, because of the type 
of scale with which he is measured. 

The Agricultural Demonstrators visit the taluk villages, 
study the various factors that influence agriculture and chalk out 
programmes of improvement work to be carried out in the several 
regions of the taluk. These programmes are scrutinized and suit- 
ably modified by the h)istrict Agricultural Officers. The pro- 
grammes indicate the strains j>roposed to be spread, the several 
improvements that are to be efiCected and the targets under each. 
The several improvements programmed are later introduced in the 
villages by the demonstration staff. The individual cultivators are 
met singly and in groups and the improvements programmed are 
explained to them and they are persuaded to take them up. It 
is slow work and depends to a large extent upon the frequency 
of contacts made, the strength of the demonstration staff and their 
persuasiveness, zeal and enthusiasm. 

The demonstration staff could not contact directly all the 
cultivators in the villages and various methods of effectively carry- 
ing out improvements in the villages have been tried, with varying 
results. The demonstrators were contacting originally a few select- 
ed cultivators in a few villages in the different parts of the taluk 
and attempting to effect improvements in their cultivation methods 
with the object of making the improvements spread out in a natural 
way. The villages were far apiart, the contacts with the cultiva- 
tors were not frequent enough and the work done was not 
impressive. From 1931 onwards the Agricultural Demonstrators 
concentrated their work in a few centres, with a few villages 
adjoining each centre. When these centres got familiar with the 
improvements suggested by the demonstrators, the centres were 
changed and new centres were taken up for concentrated work. 
This system limited the departmental activities to a few centres 
and villages. This also was not satisfactory, and the Demonstra- 
tor’s activities were later dispersed over the entire taluk as was 
done originally. 

The demonstration maistries were originally drawn from 
the labouring classes in the villages, as they had a background 
knowledge of practical agriculture. They were, however, found 
to have poor persuasive powers. In 1936, literate men were first 
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recruited as demonstration maistries for trial in Visakhapatnam 
district. They were made to live in the villages away from the 
taluk headquarters and this facilitated a greater contact between 
them and the cultivators. Literate demonstration maistries are 
now recruited and given some training at the Agricultural Kesearcb 
Stations to enable them to do their work eflSciently. This has been 
satisfactory. 

(b) Trial plots. — When a certain strain of a crop or a cer- 
tain cultural or manorial method has been tried at an Agricultural 
Research Station and is proved to be better or a definite improve- 
ment over the cultivators* practice, it is tried in ryot’s lands under 
village conditions in what are called ‘ Trial Plots.* The local 
method is also tried side by side. The results of a number of trial 
plots spread over a number of villages and over a few seasons, are 
analysed and studied. If then, the new method is found to be a 
definite improvement, it is advocated to the cultivators for adogh 
tion. Such tests enable really better methods being selected, eli- 
minating the effects of extraneous factors as the fertility of a piece 
of land, the influence of climate in a year, etc. 

Observation plots. — Trial plots laid out without strict refer- 
ence to conditions governing the technique of modern field experi- 
ments are termed as “ Observation Plots **. Although results based 
on statistical analysis cannot be secured, it is possible to draw rough 
and ready conclusions from the results obtained in “ Observation 
Plots ** provided they are calculated from a fairly large number of 
plots. 

(c) Demonstraiion plots. — ^When a particular improvement 
has been passed through the stage of trial plots, it is demonstrated 
in big size plots in ryot’s lands in what are called ‘ Demonstration 
Plots The cultivator is thereby enabled to see the improvement 
and compare it with his own method. This carries conviction and 
the ryot naturally adopts the improvement. Several items of im- 
provements like new strains of seeds, cultural practices, manurial 
methods, conservation of cattle manure, green manuring and others 
are thus demonstrated in a large number of plots in the different 
tracts every year. These gradually become part and parcel of the 
ryot’s practice. Several improvements have been so passed on to 
the cultivators and the help and guidance of the Agricultural Officers 
is sought by the cultivators in an increasing manner. 

(d) Demonstration farms on ryots^ lands. — Demonstration 
farms were run for three years from 1924 in ryots’ lands in North 
A^cot, South Arcot, Chingleput and Chittoor istricts. Ryots cul- 
tivated ten acres of their land as suggested by the Agricultural 
Departmental Officers, carrying out all the improvements suggested 
and cultivated an equal area in the usual way as they were doing 
before. The Department supplied seed free of coat in the case of 
new varieties and new crops, and also manures free of cost when 
special manures were suggested. Other expenses were borne by 
the cultivators themselves. The cultivators were promised to be 
compensated in the case of failure of any of the improvements 
advocated. 
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The use of improved ploughs, green manures in combinar 
tion with fish guano, thin paddy nurseries combined with economic 
planting and improved strains of paddy were demonstrated in wet 
land areas. Commercial crops like sugarcane and groundnut were 
introduced in the rotation of irrigated dry lands (garden lands) and 
the use of drills for sowing and improved ploughs for preparing dry 
lands were demonstrated. Detailed accounts of the cost of culti* 
vation and receipts were maintained. 

Subsequently individual landholders and co-operative soci- 
eties were encouraged to conduct demonstrations along simUar 
lines. The department lent improved implements for preparing 
the land and supplied free of cost new seeds and manures. 

It was expected that under this arrangement the cultivators 
of the locality would see the improvements and copy them, that 
they would serve as demonstration farms for the Agricultural De- 
partment at a negligible cost, and that the cultivators concerned 
would get the benefit of the improvements. There was lack of 
entliusiasm among the cultivators and the scheme was not 
continued, 

(e) Agricultural Associations , — The formation of Agricul- 
tural Associations for disseminating agricultural information and 
demonstrating improved methods of agriculture was encouraged 
from the early days of the Agricultural Department. Associations 
were formed at village, taluk and district levels in a number of 
places. A few of the associations undertook the demonstration of 
improved agricultural methods, while the majority did not function 
at all. Government promised financial assistance to associations 
that undertook specific agricultural experiments approved by the 
Agricultural Department. But even this did not help and Agri- 
cultural Associations have not come up to expectations. 

(/) E^rhibitiovs and shows , — ^Exhibitions and shows are con- 
ducted by the Agricultural Department during festivals and fairs, 
where people gather in large numbers. One or two big district 
exhibitions and some small taluk exhibitions are generally arranged 
every year m all the districts, and the various activities of the 
Agricultural Department are publicized various improved strains 
suitable for the locality, improved implements, manures, insecti- 
cides, and live specimens of fodder grasses and green manures are 
exhibited. Posters and charts on various agricultural topics are 
put up and the exhibits and charts are explained to the visitors. 
Leaflets are distributed to the public free of cost in large num- 
bers.' The use of improved ploughs, sprayers, dusters and various 
machinery is demonstrated in the exhibition grounds, wherever 
facilities for such demonstrations exist. 

(g) Motor exhibition vans , — Two motor vans were fitted 
with exhibits in 1928 and taken to the interior villages. A third 
van, presented by a Tanjore mirasdar, toured in the districts of 
Tanjore, Tiruchirappalli, MAdurai and Tirunelveli. The itinera- 
ries of the vans were notified in advance and exhibits arrangad in 
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the vans were kept on show at each place for a few days. Agri- 
cultural denlonstrators toured with the vans and explained the exni- 
bits to the people visiting them. Magic lantern lectures were 
arranged to be delivered in the evenings at the several places. The 
exhibitions vans and the magic lantern lectures attracted the people 
from the surrounding villages and provided useful entertainment 
and much agricultural knowledge. The vans became unserviceable 
and were discarded in 1938. 

One motor van with electric projection equipment and agri- 
cultural films was purchased in 1949 and has been touring in firka 
development centres doing useful work. 

(h) Co-operative Agricultural Societies. — A number of agri- 
cultural improvement and loan and sale societies have started with 
the help of the Co-operative Department. These societies help the 
m»embers in the purchase and sale of seeds, produce, manure and 
agricultural requisites. A few societies maintain breeding bulls for 
serving the cows owned by members. The loan and sale societies 
maintain warehouses and advance cultivation loans to the mem- 
bers on the pledge of the standing crops and produce loans on 
the pledge of the produce kept in storage in the godowns of the 
societies. The Lalgudi Sivagnanam Co-operative Society owns an 
agricultural farm and multiplies improved strains of seeds for its 
members and demonstrates agricultural improvements. 

(i) Prizes. — Ploughing competitions with mould board 
ploughs were held in 1924 and Government awarded prizes aggre- 
gating to Ils. 20 at each such competition, with the object of popu- 
larizing mould board ploughs. Iron ploughs, improved strains of 
paddy seeds, and fertilizers were given away as prizes. All these 
have helped in popularizing mould board ploughs in the country. 
They have become popular and large numbers of iron ploughs are 
now made by Indian firms and sold to the cultivators. 

(ii) Publicity — (a) Villager's Gahndar. — This is published 
annually by the Agricultural Department to serve as a book of 
reference for the cultivators, in the regional languages, Tamil, 
Telugu, Malayalam and Kannada. An English edition was also 
being published but has been discontinued from the year 1949, 
The calendar publishes district notes on the agricultural improve- 
ment work in the several districts, the crops grown, the strains of 
crop found suitable, the location of agricultural depots, the facilities 
afforded by the Development departments relating to health, co- 
operation, cattle diseases control, fisheries, etc.; notes on import- 
Mt agricultural subjects, almanac, lists of fairs, festivals and shows 
in the several places and other relevant material are also furnished. 

(h) Leaflets. — Short notes on agricultural improvements, 
the cultivation of new crops, etc., are prepared in English and 
the regional vernaculars in the form of leaflets and widely distri- 
buted among the people, free of cost, with the object of populariz- 
ing the particular improvement or cultivation. The distribution is 
done when cultivators go to the depots, and the Departmental staff 
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visit the villages and at the time of the exhibitions and shows when 
a large number of people congregate. These leaflets have been 
very helpful in disseminating agricultural information widely and 
there is a definite demand for such publications. 

Detailed information on specific subjects are also provided 
by small booklets or bulletins, which are generally priced publica- 
tions. The demand for bulletins is limited and confined to edu- 
cated people who are interested in the particular subjects dealt 
with. 

(c) Agricultural digest and press jottings. — A monthly 
digest giving the salient features of the work of the department 
was issued from 1922 onwards with the object of popularizing the 
departmental activities. This was made a quarterly digest from 
1929 and discontinued in 1932 as a measure of retrenchment. But 
periodical jottings and short press notes were published in the 
newspapers, instead. 

(d) Scientific publications. — ^Interesting and valuable scien- 
tific notes of research are published by the various workers at the 
Agricultural Colleges and ^search Stations in journals like Current 
Science, Tke Proceedings of the Indian Academy of Sciences, Indian 
Farming, Madras Agricultural Jovmat, etc. The Madras Agri- 
cuUnral Journal is published by a band of honorary workers 
recruited from the Agricultural College and the Besearch Institute 
at Coimbatore, under the auspices of the Madras Agricultural 
Students’ Union. 

(e) Grow More Food Journals. — When the various Grow 
More Food Schemes were launched in 1944, two vernacular 
journals called “ Mezhichelvam ” in Tamil and “ Padi Pantalu ” in 
Telugu were started. They are departmental journals popularising 
the Grow More Food schemes and the activities of the Agricultural 
Department. Articles on rural development, co-operation, village 
sanitation and cattle diseases are also included and the journals 
cater directly to the village cultivators. The journals were issued 
free in the beginning and 5,000 copies in each of the languages 
were issued. As the journals were popular the number was increased 
to 10,000 in 1945. Later a nominal price of one nrinn. per copy 
was levied from April 1949. Two more journals, one in Fa.nn»ili^ 
called ‘ Krishika Bandhu ’ and another in Malayalam ca ll e d 

‘ Naveena Karshakan ’ were published in 1949. The journals are 
very popular and serve as a suitable medium for spreading agri- 
cultural knowledge and information about agricultural improve- 
ments among the cultivators. They are in great demand and 
there were 1,15,000 subscribers for Telugu, 33,600 for Tamil, 
9,000 for Kannada and 5,600 for Malayalam journal on 1st July 
1950. 

(/) Radio talks. — ^Interesting and useful information on 
ymous agricultural subjects is being systematically broadcast 
through the All-India Eadio broadcasting station at Madras 
Vijayavada, Tiruchirappalli and Kozhikode, in the several regiona! 
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languages. A wide range of subjects is covered by the talks, like 
food production, manuring, tree planting, fruit culture, vegetable 
cultivation, reclamation of soils, co-operative farming and so forth. 

III. Grow More Food Schemes — (i) Seeds — (a) Seed farms . — 
When the improved strains establish their superiority over the local 
varieties in tnal and demonstration plots, they are multiplied for 
distribution to ryots in a large scale. Tlie multiplication of the 
seeds is done m seed farms. The seed farms are lands owned by 
cultivators who agree to cultivate the strains given to them and 
adopt methods of cultivation recommended by the department and 
maintain the purity of strains by removing those crop plants that 
are not true to the type with the help of departmental stall and 
thrash and preserve the seeds m such a maimer that they are not 
contaminated by other types of seeds at the thrashing floor, the 
storing receptacles and the store room. These seeds are well dried 
before storage, so as to ensure that the vitality of the seeds is 
retained. Later the department purchases these seeds at rates 
that may have been fixed originally at the time the seeds were 
issued to the ryots and an agreement entered with him for the 
fulfilment of the several contractual obligations by both the ryot 
and the Department. The price paid for the seed is higher than 
the market price by a certain pre-determined margin, usually a 
percentage of the market price. The higher price is paid to serve 
as an inducement to the ryot to take up seed multiplication work 
and to compensate for tlie trouble taken by him to guard the purity 
of the seed stock, as well as its quality. 

The details of running the seed farms have been varying, 
but the main principles underlying the running of the seed farms 
have been the same from the time seed farm work was commenced 
in the earlier years of the Department. 

The seed farm seeds are later sold to the ryots. These 
improved seeds are in good demand and are popular with the culti- 
vators. Cultivators visiting the depot for the purchase of seeds 
has now become a common feature. Apart from this, the improved 
seeds with the cultivators are also purchased by the neighbouring 
jjot& who would have been noting the performances of these strains 
in the preceding years. Considerable spread of the improved 
strains has also taken place in this manner and this method of 
spread may be called the ‘ natural spread ’ of the strains. 

(b) Intensive seed distribution schemes. — India was import- 
ing food grains even before the second world war. She was 
importing large quantities of rice from Burma and Siam. These 
sources were cuf off after the fall of Burma into Japanese hands. 
The insufl&ciency in local production of foodgrains began to be 
felt by the various administrations, and the general public. The 
importance of agriculture in national affairs and the prominent 
cultivators in shaping the destiny and economy 
or the country were clearlv perceived , in a manner not likelv to be 
forgotten by the people. ^ 
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It was then that large scale plans were drawn up for step- 
ping up food production. The Central Government took the lead 
and came forward to subsidize production of food in various ways 
and to co-ordinate the activities of the several member-States in 
this regard. A comprehensive scheme of agricultural development 
was sanctioned in 1944 and put into operation immediately. One 
of its important branches was seed development work. Seed farms 
were arranged in large areas and the seeds obtained were distri- 
buted to ryots for seed purposes for covering extensive areas. The 
basic assumption was that improved strains of seeds helped to give 
10 to 15 per cent more yield than the local varieties and if the 
whole country were to be sown with improved strains of seedsi 
then the ovel-all increase in production could no? be negligible. 

In 1947, a new five-year plan was brought into operation, 
and the several schemes under the original comprehensive scheme 
were merged in this plan. Again in 1948, when the Prime 
Minister of India announced that India would stop importing food- 
grains by the end of 1951 and that India should become self- 
sufficient in the production of food, a new two-year plan was drawn 
up and put into operation from 1949-50. The two-year plan has 
since been made into a three-year plan. The different targets of 
production originally aimed at were not achieved in full during 
1949-50 due to the very bad seasonal conditions during 1948-49 
and 1949-50. The north-east monsoon on which a large measure 
of cultivation of crop depends failed in the southern districts of the 
State during both the years. There were cyclones in the northern 
districts which spoilt the standing crops and certain cultivation 
areas. 


The qauntities of improved seeds distributed from the 
inception of the comprehensive scheme are given below : — 


Name of seed. 


( 1 ) 

Padly 

Millets 

Pulses 

Other seeds including 
green manure seeds . . 


044-45 

{(ana). 

.A 

ic 

u 

Oi 

00 ^ 

II 

040-50 



»-< 

.H 

1-4 

1—4 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

0,317 

9,046 

12,540 

9,030 

7,984 

6,012 

, , 

146 

56 

984 

84 

104 

141 

882 

)9 

•• 

3 

1 

1,102 

1,266 

42 

65 

2,634 

1,015 


(c) Free distribution of seeds to poor and deserving ryots . — 
As a Grow More Food aid, seeds valued at Ks. 100 were issued 
to poor and deserving ryots in each district during 1944-46 and 
continued every year till November 1948. The free issue of seeds 
was hberalized considerably during 1946-46 in the cyclone -affected 
areas in Visakhapatnam, East and West Godavari, Krishna and 
Guntur districts. 13,397 ryots were supplied with 121. tons of paddy 
seeds. 

(ii) Manures — (a) Farm-yard manure. — ^Intensive propaganda 
on the proper method of preservation of farm-yard manure and 
practical demonstrations are being carried out in the villages froin 
the early days of the Department. The importance of collecting 
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cattle urine and preserving it properly is also stressed. The ryote 
are persuaded to collect, store and preserve the manure properly 
in pits, and loose boxes. For instance during the year 1948-49, 
60,662 new manure pits were dug and 73,682 old pits were 
renovated. The loose box system of tethering cattle and preserving 
the manure under the feet of cattle was introduced in 1,752 
holdings. 

(6) Green manures , — Growing leguminous crops in the 
field and ploughing the crops into the soil is an easy method of 
enriching the soil and increasing the projxirtion of organic matter 
or huiiius. Growing green manures as a catch crop in between 
main crops is being recommended to the cultivators. There are a 
number of suitable crops to choose from. Kolingi or wild indigo 
comes up well in light soils and needs no care practically. Daincha, 
and pillipesara are suitable for the heavy soils. Daincha is also 
suitable for alkaline soils. As a result of the intensive propaganda 
vlone by the Department over a series of years, growing green 
manure crops has become a standard practice with many ryots 
ifi the several areas of the State, wherever facilities exist. Green 
manure seeds are being arranged to be produced in suitable areas 
and these are later distributed all over the State, through depart- 
mental agency and assistance. Wherever facilities exist, water is 
supplied from the several irrigation systems for the cultivation of 
green manure crops, without any extra assessment or water rate 
being levied. 

One of the handicaps of the Grow More Food campaign 
has been the limited supplies of nitrogenous manure like oilcake 
and fertilisers like ammonium sulphate m the country. In view 
of this it was considered necessary to intensify green manuring. 
From 1946 onwards green manure seeds were produced in large 
quantities and made available to the ryots foi sowing. The area 
under green manure crops consequently increased and it has been 
estimated that green manures were sown in 117,900 acres during 
1948-49 with seeds supplied by the Department. Local produc- 
tion of seeds and supply have been going on side by side. But still 
there are large areas where green manure crops could be grown 
advantageously. 

* Green manure crops , — A number of green manure crops 
are commonly grown. Their relative distribution is regulated by 
their suitability to the soil and climatic conditions ruling in the 
several localities, and ease of availability and cost of seed material. 
The general guidance that can be given is that the particular green 
manure crops that comes up best in the locality should be chosen 
for cultivation. As between crops that come up equally well, the 
preference should be for that crop that gives more green matter 
per acre. The richness of the material and the ease with which ^e 
green matter decomposes in the soil are also relevant matters, but 
these are subsidiary considerations only taking rank after suit- 
ability to the region and yield or tonnage. 

A4C.~98 
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The manurial txUue of green leaf manures . — ^Bsporimenta 
conducted in 1948-49 show that on an equal nitrogen basis green 
manures are two-thirds as elective as ammonium sulphate in 
increasing paddy yields: The green manure had a direct manurial 
value in paddy lands ; there was an actual increase in the nitrogffli 
content in the plots manured with green manures. 

Green leaf manures . — When plants are raised and ploughed 
into the held, it is referred to as ‘ green manurmg When green 
leaves are obtained from other sources and applied to the held, it is 
called ‘ green leaf manuring.’ Intensive efforts were made to induce 
the people to grow green leaf yielding trees and shrubs on held bunds, 
t.a.nlr bunds, channel bunds, porambokes and all vacant sites. Seeds, 
seedlings, stem cuttings and stumps of several suitable plants were 
distributed m large numbers. They included neem, pungam, 
glyricidia, konnat of different kinds, poovarasu, malai poovarasu, 
etc. A total of about 70 lakhs of such kinds were issued in 1948-49. 

(c) Composts. — The organic matter m tropical soils is 
proverbially low. The high temperature that prevails aids the 
rapid destruction of the organic matter in the soil by oxidation. 
It is very necessary therefore that organic matter shoiffd be added 
to the soil to the largest extent possible. Cattle manure is pro- 
duced only in limited quantities. Green manures could be grown. 
There are also other organic wastes like crop residues, farm wastes, 
sweepings from municipalities and so forth which could all be 
converted into suitable manure by decomposing them. The decom- 
posed material is called compost. The organic wastes alone referred 
to are not all utilised fully for use as manure. Composting them 
will help in increasing the supply of manures. Considerable stress 
has been laid on this from the time of the inception of the Grow 
More Food schemes and cultivators are advised to make use of the 
composts in a proper way. 

Town compost. — The street sweepings and collections from 
garbage bins in municipalities and panchayats are composted along 
with the collections of human faecal matter. The compost made 
v.lth a mixture of human,- faeces and municipal rubbish is a fine 
brownish friable mass, which easily crumbles, into a powdery 
material and is free from any objectionable odour. Most of the 
municipalities compost the sweepings and night soil, and distribute 
the compost to the cultivators at reasonable rates fixed by the 
Government. The selling price of compost was fixed at Ee. 0-l(M) 
per cart-load during 1949-50. The quantity of compost made by 
51 out of 75 municipalities and 35 panchayat boards in the Slate 
during the period was 103,389 tons. The making of compost 
is supervised by sanitary inspectors trained in compost making. 
The composting process is checked periodically by the Agricultarai 
and Health Department Oflacers, and defects noted are rectified 
then and there. 

J?MroI compost.— Ae the manures available in the country 
were m short supply, an intensive drive was latched from 
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to induct- the cultivators to take up the makmg of compost in 
villages, with various crop residues and other organic wastes 
available in the faims using oowuuug, urine earth and wood ash 
as the starter material. Compost pits were dug in the villages and 
compost makin g was demonstrated widely.. The making of rural 
compost was subsidised and this has been a real inducement with 
the result that compost making is becoming a comon feature m 
the villages. During 1949-50, a quantity of 64,716 tons of ripe 
compost was prepared from waste vegetable matter in the villages. 
The cultivators were paid a subsidy of Ee. 1 per ton of compost 
made. It has been estimated that 40,445 tons were appUed over 
8.089 acres and that 1,011 tons of additional foodgrains were 
produced. 

(d) Purchase and dtetribulion of manures. — As a result 
of the war, the import of grain and manure was affected and the 
prices of agricultural produce tended to rise by 1943. The culti- 
vators got manure-minded and there was a heavy demand for the 
manures available in the country and its availability was limited. 
Consequently the prices of manure tended to shoot up abnormally 
and Gcivernment had to intervene. The Manure Dealers’ Licensing 
Order of 1943 was promulgated and the manure dealers had to take 
in licences for dealing in manures. The movement of manures was 
controlled and ceiling prices were fixed for the different classes of 
manures. Manures, iron and steel, the primary agricultural 
necessities were taken over by the Agricultural Department and 
distributed under the State Trading Schemes. This had the desired 
effect. The prices got stabilized and distribution was made in a 
fair atid equitable manner. 

The important manures dealt with under the State Trading 
Schemes were groundnut cake, ammonium sulphate and pho»> 
phates. Export of groundnut cake to places outside the State was 
prohibited and imports from surplus States like Kathiawar and 
Hyderabad were encouraged. The available manures were sold 
to the ryots in an equitable manner on a subsidized basis. The 
overhead charges connected with the movement and storage of 
manures up to a limit of 10 per cent of the cost was met by the 
State Government and the Centre on a 50 : 50 basis, as also the 
entire establishment charges. Originally 50 per cent of the ground- 
nut cake produced in the mills was taken over by the Department' 
for distribution and the other 50 per cent was allowed to be dis- 
kibuted by the normal trade channels at controlled rates. As 
it was observed however, that the trade indulged in questionable 
and unfair methods of sale, the Department took over the entire 
production of cake from July 1946 . for distribution through the 
Amcultural Department Depots. These restrictions were partly 
relaxed in January 1948 and 40 per cent of the cake produced waa 
allowed to be distributed through normal trade channels. Later 
the price control was removed in July 1948 and th^ distribution of 
the cake was transferred from the Agricultural Department to the 
co-operative societies. 

98a 
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The quantities of manures and fertilisers sold during the 
period when the State Trading Schemes were in operation are 
indicated below : — 


Y9ar. 


Oil cakes. 

AmmofUum 

Phosphates 




sulphate. 



TOMS. 

TONS. 

TONS. 

1944*45 . . 


62,257 

16,717 

1,409 

1945-46 . . 


117,045 

237,865 

13,004 

1,761 

1946-47 .. 


24,080 

2,107 

1947-48 . . 


203,426 

23,390 

2,990 

1948-49 . . 


28,816 

20,684 

. , 

1949-50 .. 

. . 

59,952 

16,210 


The question of controlling fertilisers and adulteration of 
the malpractices by the trade were under the consideration of the 
Government of India and the various provincial Governments from 
the year 1919. Though the need for safeguarding the interests of 
the consumers by legislative means was accepted, effective mea- 
sures were not taken on account of the cost of enforcement of such 
legislative measures. In 1949 however, the need for taking effec- 
tive measures was accepted and the Madras Government decided 
to take effective measures to control the quality, prices and distri- 
bution of straight fertilisers and fertiliser mixtures. It was there- 
after made obligatory for manure firms to take out licences for 
preparing mixed fertilisers, and for dealers who distribute the ferti- 
lisers. They are required further to exhibit the composition of the 
fertilisers and to have the selling prices of the fertilisers approved 
by the Director of Agriculture. 

(e) Scheme for the popularization of phosphatic manures . — 
The South Indian soils are deficient in phosphoric acid and this 
deficiency is one of the causes of the low yields in the country. 
It was considered necessary that the cultivators should be made 
conversant v/ith the use of phosphatic fertilisers and the benefits 
of such fertilising and the Madras Government arranged to demons- 
trate and distribute 100 tons of super phosphate and 100 tons of 
bonemeal at half the cost price during the year 1946 in Tanjore, 
Krishna, Guntur, Godavari and Madurai districts. Half the cost 
of the manure treated as a subsidy was shared by the Madras and 
Central Government on a fifty fifty basis. The scheme was later 
enlarged and the entire quantity of phosphatic manures distributed 
in the State was sold at half the cost price, the balance being 
treated as subsidy by the State and the Central Government. This 
has been very helpful in popularizing the use of phosphates and 
the cultivators have begun to realize the value of phosphatic ferti. 
hsers and are keen on applying them to their paddy fields. 

(/) Free distribution of manures to poor and deserving 
rj/ote.— The object of the Grow More Food Schemes is to increase 
productmn and one of the factors standing in the wav of increasing 
the production has been the poverty of the poor cultivators. Prom 
lJ4d onwards, ^he Government have been granting Rs. 2,000 in 
•ach district towards supply of manures free of cost to poor 
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deserving ryots. This has been enabling them to manure their 
field and increase the production from land which may not have 
been possible otherwise. 

Free distribution of manures in Malabar and South Kanara 
districts. — During early 1946, the food situation in Madras was 
very critical and concentrated efforts were made to increatse pro- 
duction in the region where paddy was raised earliest in the 
season, i.e., in the taluks of Palghat and Walluvanad in Malabar 
district and Kasargod of South Kanara district. Twenty -eight 
thousand two hundred tons of groundnut cake and 7,050 tons of 
ammonium sulphate were supplied free to rice cultivators in these 
areas for application to the short duration first crop of rice. It 
was estimated that by this at least 50,000 tons of additional rice 
was made available to the country though at a great cost on the 
exchequer, 

(iii) Controlled distribution of iron and steel, — As a result of 
the war; the supply of iron and steel was very restricted and the 
cultivators experienced considerable difficulties in getting their 
requirements of tools, implements, cart tyres, etc. Iron and steel 
supplies and distribution was controlled by the Government and 
equitably distributed for the various purposes. The iron and steel 
required for agricultural purposes was acquired and distributed by 
the Agricultural Department, The raw material was allotted to 
approved fabricators for being made into tools and implements and 
these were distributed to bona fide ryots and cultivators in an 
equitable manner. 

In addition, petrol pump sets, crude oil engines, electric 
pumps and motors were also distributed to the cultivators by the 
Department, both for hire and sale. Tractors with ploughs and 
bull dozer attachments were acquired and let out for hire at con- 
cessional rates for ploughing uncultivated fallows, for bringing new 
lands under cultivation, for clearing shrubby growth and levelling 
uneven terrain. An engineering section was formed and super- 
visors, mechanics, fitters and drivers were stationed at the various 
district headquarters to cope with the work connecSed with the 
running and maintenance of the pumps and tractor units. These 
mechanised equipment save considerable labour and cost and are 
particularly valued as bullock and human labour have become 
costly. They are in very great demand and it looks as though 
mechanised equipment have a place in South Indian agriculture 
and that they have come to stay. 

(iv) Special extension courses, — The crops and soils wing of 
the Board of Agriculture and Animal Husbandry in India recom- 
inended in 1942 at its fourth meeting that the Agricultural Educa- 
tion of farmers should be carried ouj by means of special exten- 
sion courses, to supplement the propaganda and demonstration 
done by the staff of the Agricultural Department and should be 
imparted by staff specially equipped for the purpose. Accordinglv 
the Madras Government have been selecfing ten farmers in each 
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district and taking them on a short tour to a few Agricultural 
Besearch Stations and private farms in other districts at S&ite 
expense. Selected Agricultural Demonstrators accompany them, 
show them the salient agricultural features of the several places 
they visit and discuss the variations in the agricultural practices 
so as tp serve as a sort of education and stimulus and to creaSe a 
desire for acquiring knowledge. The farmers who have been given 
these facilities have been immensely benefited, Some of the more 
enthusiastic try the several improvements seen and that have 
appealed to their fancy and method of thinking, in their own land 
and farms. It is no doubt a healthy awakening. The farmers 
know their problems and they strive to find out whether anything 
that they see could assist them in solving their own problems. 
These extension courses have their own limitations, but are none 
the less useful. 

(v) Takkavi loans . — Loans were being granted by Govern- 
ment to ryots for improving the land, for fitting up agricultural 
machinery and for similar purposes. The loan rules were libe- 
ralized in 1933 and the Agricultural Department was entrusted with 
Jhe work of granting loans free of interest up to Bs. 80 per appli- 
cant for the purchase of seeds and manures and Es. 100 for the 
purchase of implements, and Es. 250 for grants in the Nilgiris 
district only. These loans are repayable in two annual instal- 
ments along with the land assessment and are collected by Eevenue 
Officials. 

The amounts allotted for the grant of loans were limited ori- 
ginally, but large amounts were ear-marked for this purpose from 
1943 onwards with the object of furthering the Grow More Food 
Campaign, and a large number of ryots took advantage of the facili- 
ties provided. The amounts distributed as loans during this period 
is an indication of the popularity of these loans, as shown below 


1944-45 

Tear. 


Loan granted, 

B8. 

21 , 28,804 

1045-46 



41 , 88,784 

1946-47 



.. 50 , 80,725 

1947-48 



19 , 78,818 

1948-49 



7 , 99,897 

1949-50 




28 , 70,404 


During July 1950, a sum of Es. 60 lakhs was set apart for 
grant as special loans for purchase of fertilisers like a.TnTnnniTiTw 
sulphate and superphosphate for manuring the first crop of paddy 
at Es. 26 per acre limited to Es. 200 per applicant. The lAanip 
were made repayable in one instalment without interest before the 
end of the official year in March 1961. The loans were made avail- 
able to cultivating t wants also who were able to secure surities. 
either the owners of the knds theniselves or others. T^e scheme 
contemplated the distribution of one laHi tons of ammonium sul- 
phate for manuring the first crop of paddy in regions of assur^ 
water-supply in Godavari, Krishna, Guntur, Nellore, Sou^ Aroot, 
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Tanjore, Tiruchirappalli, Madurai and Tirunelveli districts. Thi» 
intensive distribution was expected to give an additional yield of 
two lalfb tons of cleaned rice and help to wipe out a large part of the 
normal deficit of 6^ lakhs of tons in the State. The estimate of 
increased production is based on the large number of experiments 
carried out in Agricultural Eesearch Stations and trial plots 
arranged in cultivators’ fields. It is proposed to guage the actual 
increase in yield by harvesting a large number of samples of 
manured and unmanured fields all over the State during the season, 
and prove to the skeptics that large scale and country-wide increase 
in yield could be brought about by the adoption of suitable fertilising 
methods. 

(vi) Land development work — (a) Cauvery-Mettur Project 
area. — Out of an extent of 301,000 acres proposed to be brought 
under irrigation under the Cauvery-Mettur project, a large area 
remained unirrigated. On examination it was found thaS the 
reasons for the non-development of irrigation in this area, were 
mainly lack of labour, want of irrigation facilities such as field 
hothies, etc., disputes between land-owners and tenants regarding 
payment of rent and want of capital. In order to remedy these 
and in furtherance of the Grow More Food Campaign, the Govern- 
ment of Madras launched a scheme that aimed at bringing under 
irrigation an extent of about 40,000 acres of commandable but 
unirrigated land in the Cauvery-Mettur project area, as a firaJl! 
instalment. 

A special revenue staff was appointed to investigate the 
causes of non-development of irrigation and to settle the disputes 
between the land-owners and tenants amicably. Public Works 
departmental staff was employed specially to provide the neces- 
sary irrigation facilities and to reclaim the Government-owned 
waste lands. A special Agricultural staff advised the ryots on recla- 
mation of lands and bringing them under rice cultivation. The 
eultiva?ion of green manure crops in the Cauvery-Mettur project 
area was made compulsory by executive orders issued by Govern- 
ment. Eight thousand bags of green manure seeds were distri- 
buted free to the ryots and sown in about 50,000 acres, with the 
help of the Agricultural department in 1945. During subsequent 
years, the ryots sowed green manure crops regularly in rotation and 
the department arranged supply of the required quantity of green 
manure seeds. Suitable departmental rice strains like ADT 3 
and ADT 20 for Kuruvai, ADT 2, ADT 8, CO 19, CO 25 and CO 26 
for ^mba, and thaladi crops were introduced and seeds were made 
available to the ryots by the department. Consequently the entire 
area of 301,000 acres under the Cauvery-Mettur Project has only 
the improved strains of rice referred to. Oil cakes and chemical 
fertilisers we^e also supplied to the ryots in large quantities by 
the department and got reflected in increased rice yields. The 
ryots realized the advantages of manuring and manuring rice land s 
has became a regular feature. As a result of the co-ordinated 
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efforts of the Eevenue, Agricultural and Public Works depart- 
mental activities, 60,157 acres were reclaimed in the Cauvery- 
Mettur Project area within an year. Out of this, 52,224 acres 
were brought under rice cultivation. 

(b) Wynad colonization scheme, — Large stretches of land 
in Wynad in Malabar were lying uncultivated and Government 
selected this area for forming an ex-service-men* s colony in 1943. 
The land for the colony was acquired, surveyed, demarcated and 
laid with suitable roads in 1944. Anti-malaria operations were 
also undertaken. It was then proposed to settle 3,600 families of 
ex-service men and local inhabitants in an area of 27,000 acres of 
dry land and 7,000 acres of wet land by allotting 5 acres of dry 
land and 2 acres of wet land for each ex-service man and setting 
apart grazing and forest areas for the use of the community in 
common. The ex-service men were also to be given advances up 
to Es. 1,900 each for starting the cultivation and sustaining him- 
self in the initial stages. Settling people in the colony was started 
in March 1948. By April 1950, 760 ex-service men and 1,000 local 
inhabitants were settled in the colony. 

An Agricultural Research Station was started in Ambal- 
vayal in the scheme area in 1945 to explore the agricultural possi- 
bilities. Varietal, manurial and cultural trials on rice, sugarcane, 
ragi, sorghum, bajra, setaria, groundnut, gingelly, horse-gram, 
red-gram, cow pea, wheat, chillies, ginger, turmeric, potato, barley, 
betel vine, fodder grasses, eucalyptus and fruit trees commenced. 
Some varieties of rice have been found to be suitable for the 
tract. CO 419 sugarcane does well as a rainfed crop and gives up 
to 40 tons of cane per acre standing in the field for 12 to 14 
months. Ragi comes up well, but not the other millets tried. 
Tapioca, sweet potato, yam, colacasia, edible canna and arrow- 
root do well as seasonal dry crops. Ginger, turmeric and chilly 
thrive well in Wynad. Malta lemon, passion fruit, pine apple and 
cape gooseberry appear to be suitable for the tract. 

On the demonstration side, the settlers are advised on the 
choice of crops, their cultivation, the preservation of cattle manure, 
soil conservation, control of pests and diseases, etc. 

(c) The Araku valley scheme , — The Araku Valley Scheme 
was started in 1944 with the object of producing potato and other 
exotic vegetables for supply to the military personnel stationed at 
Visakhapatnam, developing potential lands in the hill agency areas 
of the Visakhapatnam district and raising the level of agricultural 
economy of the hill tribes, starting with the Araku valley as the 
nucleus. 

During 1944, 1946 and early 1946, potato and exotic 
vegetables were grown in the Araku valley and supplied to the 
army. The profitable cultivation of these vegetables was success* 
fully demonstrated to the people. Potato, cabbaga, cauliflower, 
knol-khol, turnip, carrot, tomato, beans, etc., were all grown 
successfully. Indigenous vegetables like ladies fingers, brmjals, 
gourdef, cow pea, etc., were also grown and supplied. 
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An Agricultural Demonstrator and maistri were posted in 
1946 to the Araku valley for doing agricultural propaganda. To 
start with, seeds, manures and fertilisers were distributed free to 
the hillmen and they were induced thereby to take to agriculture. 
This was continued in the subsequent years also and in addition 
cattle pairs were maintained by the Government and let out for 
hire for cultivation purposes. Thirty pairs of animals were main- 
tained in 1946 and 193 acres of new lands were thereby brought 
under cultivation. During 1947, the Araku valley scheme was 
merged with the Hillmen Uplift Scheme and the free distribution 
of seeds and manures and agricultural propaganda among the hill- 
men were continued. Mass selection of seeds from among the 
local crops was done and the seeds were distributed to the culti- 
vators. White leg-hom poultry were maintained and cockerels 
were exchanged with the local cocks of the hillmen, to up-grade 
the hill poultry. 

Pilot plots were organized to work out the economics of 
cultivation units. The Araku Valley Development committee in 
their proposals contemplated the allocation of one acre of wet land 
and 5 acres of dry land to every family. This unit of holding was 
found to be uneconomic when actually worked and would not sup- 
port a family. The working of these pilot unit holdings suggested 
that the area of the unit would have to be doubled. Twelve-acre 
pilot farms formed the unit for cultivation during 1949-60. 

(vii) Subsidiary food crops . — The Madras State was even m 
pre-war years a deficit area importing foodgrains, mainly rice, to 
the tune of 5 lakhs of tons of rice, with a normal production of 
about 5 million tons of rice. With the cessation of imports of rice 
from Burma and Indo-China, the prospects were gloomy. Famine 
commission had recommended the increase in acreage of sub- 
sidiary food crops like sweet potato and tapioca as one of the means 
of getting over the shortage of grain production. It was held 
that these tuber crops produced times more calories and energy 
food than any cultivated cereal from the same extent of land. 
The cultivation of sweet potato and tapioca was encouraged from 
the year 1945 onwards. Sweet potato vine cuttings and tapioca 
setts were distributed free to the cultivators. Assessment was 
remitted when sweet potato was raised as the only crop in wet or 
dry lands, water-cess was remitted when sweet potato was raised 
as the second-crop in wet lands and both assessment and water- 
cess were remitted when it was raised in irrigable dry lands. 
Methods of preparing various sweet potato dishes were worked out 
and recipes were published in the vernacular Grow More Food 
journals. Dried sweet potato and tapioca slices kept fairly well for 
over six months. A kind of vermicilli was prepared with sweet 
potato. As a result of all these and the favourable reception of 
the tubers in the markets, tapioca and sweet potato cultivation 
have made appreciable headway. Special mention has to be made 
of the extension of cultivation of sweet potato in South Kanara 
and tapioca in Salem district. 
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Sweet potato is now being cuHiivated in well over 20,000 
acres in South Kanara district, almost throughout the year. The 
tubers are always available for sale in the market all over the dis- 
trict and to many a poor people it serves as one of two main meals 
of the day. 

The tapioca industry in Salem district is a war baby. 
People who returned from Malaya during the war established fac- 
tories for making sago, a semolina substitute and flour from 
tapioca tubers. There are about 25 factories now handling large 
quantities of tubers, turning out these products and stimulating 
the increase of acreage under tapioca in Salem. 

(viii) Plant protection service . — The crops are affected by a 
number of insect pests and diseases caused by microscopic organ- 
isms. Many of these are controllable by remedial measures taken 
in time. It has been estimated that the loss caused by pests and 
diseases may be about 10 per cent in the field and another 10 per 
cent occurring in the storage of the harvested produce. These 
lo.sses were heaw no doubt, but their incidence was not felt in 
normal times and when deficit of food started pressing the country, 
the need for controlling pests and diseases was considered as 
important as producing more food, and plant protection service in 
the country came into being. Fortunately chemicals like DDT, 
Gamaxene, BHC, Guezarol and a host of others capable of con- 
trolling insects effectively were developed during the war years. 
These had been tested on a large scale for clearing Malaria in the 
tropical war zones and for debusing the soldiers in Italy under 
ihe threat of an epidemic of typhoid. These were later used 
against crop pests and forms suitable fur the various pests were 
developed. These chemicals are either applied as a dust over 
the crop with dusting machines or as water or kerosene emulsbn 
spray with special sprayers. These operations are all done by 
plant protection assistants stationed at the various district head- 
quarters in this State, one for pests and another for diseases. 
Sprayers, dusters and the various fungicides and pesticides are held 
in stock at the various taluk Agricultural Depots. The plant pro- 
tection staff arrange for treating crops affected with pests and 
diseases. The required chemicals are sold to the cultivators and 
the plant protection staff assist the ryots in spraying and dusting 
the chemicals with the equipment stocked in the depot. Tha 
Plant Protection Service has become very popular in the State now 
within a period of about two years and the cultivators have realized 
the value of taking timely remedial measures. '!^ere is a lurga 
demand for pesticides and chemicals worth over 4^ lakhs of rupees 
were used by the cultivators during 1949-60. 

A few of the spectacular controls are against the thrips on 
chillies which bring about the crinkling and reduction in the 
of leaves, the ear-head bugs on rice, sorghum and other 
which appear in large numbers and suck the milky juice of the 
developing grains and the rats that live in the rice bandyi 
and take a toll on the ear-heads. The rats are baited wiih mo 
flour preparations mixed with zinc .phQq>bide. TOie rats 
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poisoned mixture and die in large numbers. Zinc phosphide is sold 
in small packets in the Agricultural depots. The Agricultural 
Demonstrators, maistris and Plant Protection staff help in tackling 
pests and diseases and the cultivators can freely draw on their 
services. 

Future developments . — ^It was postulated in the beginning that 
agricultural research should aim at elaborating improvements in 
agricultural practice and simplified methods of transferring them 
on to the ryot’s fields and that they should be within the reach 
of the ordinary cultivators. Simple agricultural improvements 
were being advocated to the cultivators for adoption. It was, 
however, noticed that even where it was proved beyond doubt 
that the improvements suggested were better than the local methods 
of cultivation, the ryots would not easily adopt them. The illite- 
rates among the ryots were apathetic and the literate critic took 
hold of every opportunity to belabour the department. This was 
very heart-rending and the progress made was slow and halting. 

Changes were, however, seen from 1944 onwards and there has 
been an overwhelming demand for departmental supplies and 
services. The conditions created by the war, the shortage of food 
in the country that was pressing heavily on all alike, the rise of 
prices of almost all commodities, a conspicuous change in the 
psychology and mental attitude of thfe people and an allround 
eagerness to make easy money and big profits got reflected in 
agriculture also. The general apathy gave place to an eagerness, 
cultivation methods changed and measures for improvements in 
cultivation were freely adopted. The Agricultural Demonstrator 
who had to be going in search of the cultivator has now come to 
be sought after. The cultivator. now wants seeds, fertilisers, pipes, 
iron, oil engines and pump, tractors and so forth. For most of 
these, an overwhelming demand has developed. 

It can be safely stated that the interest created among the 
people towards improvements in agriculture will be of an abiding 
nature. The production of foodgrains is much less than the 
country’s full requirements and this ensures an effective demand 
for agricultural produce. The price levels of agricultural commo- 
dities are high enough to sustain the enthusiasm and interest 
created towards improved agriculture. People have realized the 
value of improved seeds, manures and fertilisers. A demand for 
heavy machinery and tractors has developed, largely as a result of 
scarcity and high cost of manual and cattle labour. The holdings 
are small sized and individual cultivators cannot afford to purchase 
these heavy machinery. But .it may be expected that either co- 
operative or other corporate bodies would come forward for pur- 
chasing these machinery and hire them out to the cultivators at 
reasonable rates. In America, such agencies have developed 
r^ently in large numbers and are doing yeoman service. Similar 
developments may be expected in this State also. A few enter- 
pming people in Guntur have already a fleet of tractors and are 
hiring them out. The future may, on the whole, be said to be rosy 
•nd 1^ of promise.* 



CHAPTER 32. 

AGRICULTURAL STATISTICS AND INFORMATION. 

Geographieal features of Madras State — ^Areas availabto, eultlvated» 
eultivable and waste — Census reports — Soils — ^Irrigation systems — 
Agrieultural meteorology — ^Rainfall and other data — Crop weather 
studies— Population In Madras State — Crop produetion, extent of 
eultivation, crop outturn, prices of agrieultural commodities, weights 
and measures, area under improved strains — ^Agricultural legislation — 
The Madras Commercial Crops Act, 1938 — ^The Sugarcane Act, 
1984 — ^The Cotton Ginning and Pressing Factories Act, The Cotton 
Transport Act, The Madras Cotton Control Act, The Ag^ultnral 
and other Produce (Grading and Marketing) Act, 1987— The 
Destructive Insects and Pests Act, 1914 — ^The Madras Diseases and 
Pests Act, 1919— The Fruit Products Control Order— The BDMras 
Sugar Factories Control Act, 1949- 

Geographical features of Madras . — Madras is situated in the 
southernmost part of India. It is bounded on the east by the Bay 
of Bengal, on the west by the Arabian Sea and on the north by 
a zig-zag land line separating it from the adjoining Orissa State 
and the table-land of Madhya Pradesh in the extreme north-east. 
The Krishna and the Tungabhadra rivers mark it out from Hydera- 
bad. On the extreme north-west its territory is delimited by the 
North Eanara district of Bombay. The States of Mysore, Coorg, 
Cochin and Travancore lie adjacent to the boundaries of Madras. 
The coast-line on the east facing the Bay of Bengal extends from 
Ichapuram in Visakhapatnam district in the north down lo Cape 
Comorin near Tirunelveli district in the south, covering a distance 
of nearly 1,200 miles. The West-coast liegins with the outskirts 
of North Kanara in Bombay and extends along South Kanara, 
Malabar and Cochin, comprising a distance of nearly 450 miles. 

The State has two large mountain systems, the Western and 
the Eastern Ghats. The Western Ghats run almost parallel to 
the sea-coast southward at distances ranging from ten to fifty 
miles from the sea without any break except for the 16-mile wide 
Falghat gap. The average height is about 4,000 feet but in some 
places the height reaches nearly 6,(XX) feet, the highest peak 
being Dodabetta of the Ootacamund hills which is 8,640 feet high. 
The Eastern Ghats start from the frontiers of Orissa and stretch 
across the State in a south-westerly direction and touch the 
-Western Ghats at the Nilgiris mountains. The height of the 
Eastern Ghats ranges from 3,(X)0 to 6,000 feet. These two 
mountain ranges have outliers scattered all over the State, known 
by different names in different regions like Shevroys in Salem 
district, the Pachamalais and Kollimalais in Salem and Timchil^ 
palli districts, Javadi hills in North Aaroot district, jn 

Coinibatore district, Palni hills in Madurai distrwt and Nl^ 
malais in Kumool district. 
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The State thus consists of a narrow strip of land between the 
Western Ghats and the Arabian Sea, a broader strip between 
Eastern Ghats and the Bay of Bengal and an elevated tract lying 
midway between the two. 

The principal rivers are the Godavari, the Krishna and the 
Cauvery which have their origin in the remote recess of the West- 
ern Ghats in Bombay State. There are also rivers of secondary 
importance like the Pennar, Palar, Pennayar, Vaigai and Tambra- 
parani. All the rivers, big and small, flow generally from west to 
east. The tributaries of the Godavari river are the Wardha, 
Indravathi and Sabari, while those of Krishna river are Bhima, 
Tungabhadra and Musi. The chief tributaries of the Cauvery are 
Hemavatbi Lakshmanathirtha, Kabbini and Bhavani. Neither 
for navigation nor for irrigation are the rivers useful in the upper 
reaches, but in the lower reaches on the plains, they lend them- 
selves to be dammed up and regulated for irrigation purposes in 
the deltaic regions. 

Physical features . — The whole land surface is broken by hills 
and dales, lakes and waterfalls, plains and highlands. This 
variegated physical structure is the creation of the formations of 
the Eastern and Western Ghats. The physical features differ 
cardinally from region to region. The fertile deltas of Cauvery, 
Godavari and Krishna stand in striking contrast to the bleak and 
infertile soil of Anantapur and Bellary. The salt marshes in the 
south of Tanjore, the dry u^ands of the Central districts, the dense 
verdure of the tropical jungles of Wynaad and the dry, the treeless 
and vast expenses of the black cotton belts bring to \ivid light the 
considerable variation in physical features of the State. 

The total area of the State was 125,839 square miles of which 
4,587 square miles were under Agency tracts in the districts of 
Visakhapatnam and East Godavari aild 22,894 square miles under 
zamiudaris. 

The land area of the State in 1948-49 comprised of the 
following ; — 

klUJOM 

ACBBS. 


1 Aim under cultivation 31 

2 ForMta 13} 

8 Not available for cultivation 14 

4 Other uneultivated land, excluding llinent falloac. ll 

3 Conent fiillowa 14 

Total . . 86| 


Appendix I shows the classification of the lands accor^llg to 
the above categories in each of the years 1920-21 to 1948-4l| and 
Appendix H lUiows the distribution in 1948-49 in each oi tiie 
dishriots. 
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The State comprises 25 districts of which Madras City is one> 
The present district boundaries have been the result of historical, 
pohtical or administrative factors* The number of districts has 
been increased from 20 during 1902-03 to 24 in 1948-49 excluding 
Madras City. The Guntur district was formed in 1904-05, Bam- 
nad district in 1909-10, Chittoor district in 1910-11. The Godavari 
district was bifurcated into two, viz.. Bast Godavari and 
West Godavari, during 1924-25. The Visakhapatnam district was 
bifurcated in 1950 as Noith Visakhapatnam and South Yisakha- 
patnam. 

The number and names of taluks comprising each district can 
be found in Appendix m. 

The number of villages in Madras was 39,231, the largest 
number being in Eamanathapuram (3,654), North Visakhapatnam 
(2,780), Chittoor (2,603), Tanjore (2,669), Chingleput (2,819), 
South Arcot (2,376) and North Arcot (2,095). While the 220 taluks 
in the districts are each provided with an agricultural demonstrator, 
in some taluks there are additional agricultural demonstrators. 

The authors of the census reports followed the traditional 
system of classification of the State as detailed below. These 
terms of classification, though generally used, are not at present 
adopted in the Season and Crop Reports ; — 


Region* 

1 The Ciroars 



Distfioio 
eompriHng the 
region, 

, . Vishakapatnam. 

2 The Carnatic 

• • 


East Qadavari. 
West Gk>davari. 
Krishna. 

Quntur. 

. • Nellore. 

3 The Ceded Districts 

• • 


Chingleput. 

South Aroot. 

• • Kumool. 

4 The Central Districts 


• • 

Bellary. 

Anantapor. 

Cuddapah. 

North Aroot* 

6 The Southern Districts . . 



Chittoor. 

Salem* 

Coimhatore. 

T^ore. 

6 The West Coast Districts 



TiruohirappaUi. 

Maduwd. 

Ramanathaporapis 

TininelTeli. 

Malabar. 

7 The Mountain District • • 

. . 

e e 

South Kaiiara. 
The NiIgMi. 


The soils of the State are for the moet part loamy 
gravelly or sandy derived from the disintegration of the local toob! 
These alternate with the alluvium of the great river deltaa whiA 
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varies in character according to the nature of the soils and drainage 
basins of the rivers concerned. There are also wide stretches of 
what is commonly called “ black-cotton soil ” which is, when 
pore, an extremely retentive clay of great stiffness. The largest 
fields of the latter are found in Guntur, in the Kunda valley of 
£umool and Cuddapah, in the eastern part of Bellary and the 
adjoining taluks of Kurnool and Anantapur, in the southern parts 
of Coimbatore and the Palni taluk of Madurai and in the southern 
parts of Madurai and the neighbouring taluks of Kamanathapuram. 
The laterite soils occur mostly along West Coast. 

The soils of the State can be broadly divided into five main 
types and the areas where they are extensively found are noted 
b^ow : — 

Type of soil. Region where extensively found, 

1 The ellavial eolla • • Deltaic tracts of Krishna, Godavari and 

Cauvery fmd portions of South Arcot and 
Tirunelveli. 

2 The black cotton soils . . Kumool, Guntur, Krishna, Bellary, Bama- 

nathapuram» l^ruohirappalli and Tan j ore. 

3 The red soils . . . . West Coast, North Arcot, Chittoor, Salem 

and Coimbatore. 

4 The laterite soils . . . . Regions which are subjected to alternate 

heavy precipitation of over loO inches of 
rainudl per annum and a dry hot period 
such as the re^on along the West Coast 
and the Kilgiris district. 

$ The saline soils . . In and as well as humid regions, for 

example, in portions of South Arcot, 
Guntur and Tiruchirappalli districts where 
drainage oonditions are poor. 

Irrigation system . — ^Irrigation is most highly developed in the 
Godavari, Kistna and Cauvery deltas and in parts of Cumbum 
and Tambraparni valleys. Eain water and to some extent river 
water are also stored in innumerable tanks and lakes. The chief 
sources of irrigation are Government canals in all deltaic districts, 
private channels in Visakhapatnam and East Godavari districts, 
tanks in Chingleput, Eamanathapuram, North Arcot, Cliittoor, 
Tirunelveli, South Arcot and Nellore; wells in Coimbatore, Salem, 
South Arcot, North Arcot, Tiruchirappalh, Madurai and Tirunel- 
veli and other sources such as spring channels in Visakhapatnam 
and Chingleput. Canals, tanks and wells are also of the same 
importance in Madurai and Tirunelveli (Appendix IV). Though 
there are no recognized systems of irrigation in the West Coast, 
there is some irrigation from channels and streams. During 
1948-49, out of nearly 10 million acres under ^igation, Govern- 
ment canals accounted for 45 per cent, tanks for 30 per cent, wells 
for 20 per cent and other sources for 5 per cent. 

Irrigation works are divided into three classes, (i) productive, 
(ii) protective and (iii) minor works. Productive works are those 
that produce sufBcient revenue to cover working expenses and 
interest charges on the capital cost. Protective works are con- 
stoncted ^imaiily with a view to the protection of precarious 
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tracts and to guard against the necessity for periodical expend!* 
ture for the relief of the population in times of famine. Minor 
works include generally those which are not classified as produc- 
tive or protective. The majority of them are indigenotu works 
which Government have taken over, improved and maintained* 
They include inundation canals, many small tanks, storage 
reservoirs, minor tanks and petty irrigation works. 

The construction of the Stanley Keservoir at Mettur across the 
Cauvery was completed in the decennium ending fasli 1340 (1930- 
31). It is expected to supply water to an extent of 301,000 acres 
chiefly in Tanjore, Mannargudi and Pattukkottai taluks of Tanjore 
district. Next m importance come the Lower Anicut on the 
Coleroon under which about 94,000 acres are usually irrigated and 
the Periyar system which in 1940-41 irrigated 132,600 acres of first 
crop and 51,(X)0 acres of second crop. The Kurnool-Cuddapah 
Canal has a very large protective capacity but hitherto the largest 
area irrigated under it in any year has been 88,919 acres in 1904^5 
and the average area irrigated in ordinary years recently has been 
about 65,000 acres. Cauvery, Periyar and Tambraparni irrigation 
systems have storage reservoirs which enable timely flow and 
agicultural operations and planting in the southern districts of 
the State while Godavari, Krishna and Pennar irrigation systems 
in the northern districts of the State have no storage reservoirs. 
Appendix V shows the average area of crop raised in ordinary 
seasons under the various classes of irrigation works in each 
district. It will be seen that while the great river systems irrigate 
the largest area, the importance of the smaller works and wells is 
very great. The three river systems, viz., Godavari, Krishna and 
Cauvery are of primary importance, irrigacing as they do more 
than 2^ millions of acres of land. The area of first and second 
crops irrigated was 10 lakhs in Godavari system, nine lakhs in 
Krishna and 12 lakhs in the Cauvery. 

Agkicdltural Meteorology. 

Madras lies entirely within the tropics. The surrounding seas 
on three sides often cause cyclone, storms and floods due to 
torrential rainfall especially when they strike the coast-land and 
frequently pass inward, with disastrous results. Failure of crops 
resulting from insufficient or untimely rainfall is almost a general 
feature in certain tracts like the Ceded districts. These two 
extremes generally account for famines and distress. 

(i) Famines.*— The following statement shows the famines 
in the State from 1900 onwards caused by total failure of crops 
over two or more seasons in succession : — 

1900 . . Ceded diatricto end portfana of KeUove end Kietoa. 

1901 . . Coddmeb, Anantapor, (Siinglepat and Korth Ateot* 

1905 . . Pert of Cfainctoput diatriot. 

1919 .. PartofNanmgantetMakc^theKiatoadistrM. 

, ‘ * ^o<^OBa of Bellary, Anant^^ur end Kuraool diaStiols, 

19*4 . . Portiona of Bafieiy and Anarntt^nr diattlela, 
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1026 « « Dharapuram taluk of Ooimbatore dietrict. 

1081-22 . . Portions of BeUary district. 

1034-36 . . Portions of Bellary and Anantapur districts. 

1087-38 . . BeUary, Anantapur and Kurnool. 

1039 . . Parts of Coimbatore district and five taluks of Chingloput 

district. 

1042-48 . • Parts of Bellary, Anantapur and Kurnool. 

(ii) Cyclones . — Cyclones and storms arising from depressions 
in the Bay of Bengal and striking the tract on the East Coast are 
observed to be almost an annual feature in the State. Abnormally 
heavy rains bring down floods causing breaches in rivers and tanks. 
Crops are submerged or washed away resulting in considerable loss. 
The degree of intensity of the cyclone and the storm varied m the 
different years and in the severest forms of the deluge there were 
much loss of property and even of life and livestock. The 
following statement shows the cyclones and storms which occurred 
in Madras State from 1905-06 to 1947-48 ; — 


Tmtr. 

Month. 

Region affected. 


September 

. . Visakhapatnam district — unusually disastrous 
type. 

1911-12 

. . Do. 

. . Srikakulam division of Visakhapatnam 
district. 

1918-U 

. . May . . 

. Visakhapatnam district. 

1919-17 

. . November 

Tracts bordering on the tri|u]iotion of Chin* 
gleput. South Arcot and North Arcot. 

1922-28 

• . Do. 

. . Godavari and Krishna. 

1928-24 

• • Do. 

.. Visakhapatnam — A severe type. 

1924-20 

. . July . . 

. . The whole of the region covered by the 
Cauvery and ICoieroon — unprecedented 

floods and heaviest damage of crops by 
silting up of thousands of acres of viet 
lands. 

1986-26 

November 

. . From Badagara to Cannanoore on the West 
Coast. 

1927-28 

. . Do. 

Nellore— Most devastating storm. 

1928-29 

. . October 

, . From Masulipatiiam in Krishn i district up to 
Kakioada. 

1929-80 

. . May 

. . South of Nagapattinam and parts of Central 
districts. 

1980-21 

Ooiober 

. . South of the Madras Coast — unprecedented 
floods in Cauvery and damages in Tanjore 
and Tiruohrsppalli. 


• . Novembe? 

North Madras Coast. 


Do. 

.. South Madras Coast — crops and property 
damaged in a number of places in southern 
districts. 

1988-26 

December 

. . South Arcot and Chingleput. 

1921-27 

• • October 

. . From Nellore to East Godavari — govere inten- 
sity— Bapatla in Guntur district was the 
worst affected. 

1929-29 

. . Ncvember 

Krishna, East and West Godavari. 

1929-40 

Dc. 

. . South Arcot, Tanjore and Tiruchirappalli. 


Hay 

NeUore. 

1949.41 

* . Do. 

Ponnmii taluk of Malabar. 


November 

. . Tanjoie and South Arcot — specially Nagimai* 
imam, Tiruturaipundi and Shiynti, 
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Year, 

Manih. 

Region offetM, 

mi-42 

May • « 

• • South of Kozhikode in Malabajr diatriot. 

1943-44 

. . October 

. . Chingleput district and Madras City. 


Do. 

. . Nellore. 

1944-45 

. • Do. 

. « East and West Godavari, Krishna and Guntur 
^very heavy rcuns and floods* 

1945-46 

• • Do* 

.. The oyolonio storm associated with a tidal 
wave to seven feet high inundated the 

coastal belt between Kalonada and Maauli* 
patnam causing very great loss especially 
to crops* 

1946-47 

, . November 

* * Guntur. 


December . . Xellore aad Tiruohirappalli— due to continued 
heavy rains, agricultural operation u'aa at 
a standstill for one week in the two districta 
during December. 

(iii) Rainfall . — The annual rainfall was highest in the Wert 
Coast (120 to. 160 inches) and next in the hills (55 to 65 inches). 
The lowest rainfall was in the Ceded districts (20 to 30 inches) and 
Central districts (25 to 40 inches). Other areas received 30 to 45 
inches. For purposes of convenience, the year is divided into the 
following seasons: — 

1 The south-west monsoon . . . . June to September. 

2 The north-east monsoon . . . . October to December. 

3 The dry weather January to Maioh. 

4 The hot weather . . . . . . April and May. 

The south-west monsoon — This mon.soon sets generally in 
the middle of June and extends up to Seplember-October. These 
rains received during this period are of great value to the State, 
as the Krishna, the Godavari and the Cauvery and Tambrapami 
depend on them for the supply of water. From July to September 
the rainfall is generally heavy except in the southernmost parts 
of the State and parts of Coimbatore. The rainfall is more than 
nine inches in most of the districts. Over a greater portion it 
exceeds 13 inches, but the rainfall is low in the extreme south 
during this period. The greater portion of the annual rainfall 
of the West Coast is received at this period, about 90 inches in 
Malabar and 120 inches in South Kanara. The Circars ares of 
the East Coast gets fairly heavy rainfall during the south-wesl 
monsoon ranging from 20 to 25 inches. The central elevated 
plateau of the Ceded districts receives 8 to 10 inches only# 

The north-east monsoon. — The rains during the north-east 
monsoon commence in the early part of October in the coast north 
of Madras, and continue after December in the coast south of 
Madras. In the extreme south, the monsoon becomes establirtied 
in November and continues partly until February. The nnnytfB>oin 
rains are helpful in .filling up the rainfed tanks in the districts 0l 
t’hingleput, Nellore. North Arcot, Madurai, etc. Bainfall ftofll 
15 to 20 inches annually is received in these districts at IHns 
period. The central plateau is once a^in a dry zone during Hw 
north-east monsoon also and gets very little rainfall, 5 to 10 
Malabar and South Kanara receive 10 to 16 inches. 
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The dry weather. — The I’ains of the dry weatlier (Januarjr 
to March) are usually too scanty and unreliable to have much efiect' 
on agricultural practice. But they are useful to pastures and cold 
weather crops such as gingelly. 

The hot weather. — The rams received during the hot weather 
period (April and May) are popularly known as “ Mango-showers.” 
The rains often take the form of thunder-vshijwers. In Coimba- 
tore, Tirunelveli and Madurai districts the hot weathei’ lains are 
distributed between April and May while in other districtK the 
rains are received mostly in May and an^ generally of the nature of 
pre-monsoon showers. In Malabar and South Kanara about 10 
to 12 inches are received in this period and arc therefore useful 
for the first crop. In the Nilgiris about 12 inches are received and 
useful for the first crop of potatoes. 

(iv) Cliniatoloyical description of the State — rAceording to 
climate and rainfall, the Madras State can be grouped under four 
categories, viz., (1) the West Coast strip and adjacent mountain 
regions with a rainfall ranging from 71 nu bes to 150 indies, mostly 
received during the south-west monsoon, (li) the Norih-east coast 
which enjoys both the monsoons and has a rainfall of between 40 
inches to 70 inches, (iii) the South-east coast which has rains 
during the retreating monsoon averaging 30 inches to 50 inches, 
(iv) the Central plateau which is generally dry and arid with a 
rainfall of about 20 inches to 25 inches where dry farming is 
practised. Climate has played its part in the types of soil in 
respect of weathering, but mean temperatures are uniformly high 
with little local variation. The hottest zone is the central plateau 
with a long dry summer and short cool winter resembling the 
continental type of climate- The coastal areas have moderate 
temperatures and a moist climate all through the year, typical of 
tropical conditions. 

The Northern Circars receive a rainfall up to 50 inches with 
an average of 30 to 40 inches distributed over 65 — 70 days in the 
south-west monsoon period. The average maximum temperature 
ranges between 86® F. and 99® F. and the average minimum 
temperature between 64® F. and 79® F. 

The Carnatic districts in normal seasons have a well- 
distributed rainfall ranging from 35 inches to 40 inches distributed 
over 70 to 75 days. The climate is equable. The mean tempe- 
rature is between 76® F. and 88® F. There is hardly a difference 
between maximum and minimum temperature. 

The Deccan is the most arid part of the State. The annual 
rainfall varies from 20 inches to 30 inches distributed over 50 to 60 
dftye. The temperature may rise easily to 110® F. in summer and 
fan to 66® P. in winter. This tract is subject to famines. 

The central districts are arid regions where the rainfall varies 
from 20 inches to 30 inches distributed over 60 days. The average 
ikiaidinuin temperature is 96® F. to 100® F. and the average mini- 
mom being 64® P. to 76® P. 



1410 MSltOlBS 07 rCHBI DBPAKtMflKf 07 AOBtOlM/fXr&S, M A O RAfl 


The southern districts are benefited more by the north-eart 
monsoon than by the south-west monsoon. The average maxi- 
mum .temperature ranges from 83° F. to 104° F. and £he avttage 
minimum from 68° F. to 79° F. 

The West Coast is a regfion of excessive rainfall with 100 
inches to 150 inches distributed over 135 to 140 days mostly in south- 
east monsoon period and possesses a warm moist climate quite differ- 
ent from the other parts of the State. The average maximum 
temperature varies from 83° F. to 98° F. while the average 
minunum temperature is between 68° F. to 82° F. 

The NUgiris district has an elevation of 3,000 to 8,000 feet. 
The rainfall is about 60 inches in 150 days. The average maxi- 
mum temperature varies from 60° F. to 76° F. while the average 
minimum temperature is between 46° F. to 66° F.- 

(v) Agricultural seasons . — ^It is the distribution of Idte mon- 
soon rainfall that is responsible for agricultural seasons. Timely 
and well-distributed rains have a favourable effect on the agricul- 
tural operation in general. Based on rainfall, there exist some 
well-de^ed seasons of cropping in Madras as shown below 


N’tme of the 
aeMon. 


Period. 


Dietriete. 


1 Punaaa 

2 Peddapanta 

3 Pyru 

4 Mungari or early . . 

5 Hingari or late 

6 Samba 

7 Kar 

8 Kavarai 


April -May to July- August 

August to Dooember 
Kovember to March 
June to October . . 
September to March 
August to January 

June to October 
December to April 


In the Ciroars dis- 
tricts. 

Do. 

Do. 

In Ceded districts. 
Do. 

In the southern parts 
of the State. 

Do. 

Do. 


It is significant that agriculture in Madras is controlled more by 
natural weather conditions than by any other factor and that 
agricultural practices have to adjust themselves very much to the 
vagaries of weather conditions and monsoonic rains and availability 
of water in river systems and tanks and wells. 

In Appendix VI is given the monthly average rainfall in ea c h 
district. 

(vi) Agricultural Meteorology Section. — A. separate wing of 
the Agricultural department is working under the Agricultural 
Chemist, for Conducting research on weather and the crops from 
1948. Analysis of existing data reveal that over a series of years 
about 50 per cent of variability of crops can be attributed to 
weather, conditions. While the effect of rainfall on the irrigated 
rice crop of Godavari and Tanjore deltas was not found signifioaiit, 
a positive correlation was found in Malabar. In rainfedsoi^tim 
at Coimbatore, the date of sowing was found very importaut is 
Muencing the yield, while a dry fair Weather <rf about a 
before the harvest was advMitageons. The section is issaihg 
dical weather reports, and collabmai^; with the 
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Meteorology department at Poona, in compiling weather data, and 
conducting experimente on the effect of weather on the yield of 
different crops, on crop rotation and on pests and diseases. 


Population in Madras State. 


(i) Number . — The total population of the Madras State 
excluding Indian States according to the census of 1*J41 was 
49,841,810 or, excluding also that of the Agency tracts in the 
northern districts, 48,848,504. Fifty years ago, in 1891, the 
population of the State was only 34 millions. During this half a 
century, it has increased by 46-3 per cent. 


Year e/ eeneue. 
1871 .. 

1881 . . 
1801 .. 
1901 .. 
1911 .. 

1021 . . 
1931 . . 
1941 .. 


Population, 

3k281,177 

30,868,504 

33,732^664 

36,258,956 

39,129,111 

40.205.243 

44.205.243 
49,341,810 


Out of the total population of over 49 millions in the State, 41 
milHons live in villages. Only eight milliona inhabit the towns. 
The distribution of urban and rural |K)pulation from 1891 to 1941 
is given below. 


Centus year. 


Urban 

p(^>uiaHon, 

Rural 

population. 

Percentage 
of urban 
to total 
population. 

1891 


3,406^105 

32,224,335 

9 6 

1901 


4,275,178 

33,923,984 

11*2 

1911 


4,892,626 

36,612,778 

11*8 

1921 


5,278,705 

37,040,280 

12*5 

1081 


6,337,256 

40,402,851 

13.6 

1941 


7,864,883 

41,476,927 

14*9 


The proportion of rural population to the total population was as 
hi gh as 84 per cent. Though this is lower than all-India figure 
which is 87 per cent, compared with other rural countries this is 
very high. The proportion of rural population to total population 
is 46 per cent in Canada, 49 per cent in Northern Ireland and 
61 per cent in France. It will be seen that the proportion of 
urban population has been steadily increasing. 

(ii) Occupation . — ^The following table gives the distribution of 
the population according to occupation during 1921 and 1981. 
BHigures relating to 1941 census are not available. 

im. 19S1. 

14,986,910 18,570,489 

113,972 188,687 

4,208 18,177 


and agriottltiiie 
fiahiag and hunting 
Mhdng ., 
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mi. 

mi. 

Industry 

2,316,497 

2,288920e 

Transport 

20S.64S 

294,530 

Trade 

1,204,109 

1,085,043 

Public administration and Arts 

406,690 

522,752 

Misoellaneous 

1,346,744 

9,304,702 


The census figures of 1931 showed that in Madras, out of every 
1,000 persons, 445 persons had no work and were dependent for 
their living on those who worked. The remaining 555 people con- 
sisted wholly of workers or working dependents. Out of these 
555 people, 270 were dependent on agriculture, 77 on industry, 
trade and transport, 11 on public administration and 197 on mis- 
cellaneous occupations. Within agriculture, out of every 1,000 
persons engslged, 429 were agricultural labourers, 390 cultivating 
owners, 120 cultivating tenants, 34 non-cultivating owners and 16 
non-cultivating tenants. The predominance of agricultural 
labourers is at once apparent. The birth rate every year in the 
State was over IJ millions, while the death rate was over a million. 

S. y. Erishnaswami in his book “ Rural problems in Madras ” 
observed that the Madras State had during the past 50 years a 
birth rate which, on the whole, tended to increase, while the death 
rate remained fairly constant. All schemes to be formulated in 
the State which have anything to do with population, will have to 
take into account the probability of the continued rapid growth of 
population in the immediate future. 

Appendix VII shows the population of Madras by districts in 
the five censuses held from 1891 td 1941. Except during the 
epidemic of influenza, the population has been increasing at a 
geometric rate of about 1 per cent every year. 

The percentage of population in the census of 1931, according 
to occupations, is given in Appendix VIII. The population was 
highest in Malabar (3'9 millions), Visakhapatnam (3'8 millions), 
Salem (29 millions), Coimbatore (2-8 millions) and Tanjtnv 
(2’6 millions). The population was lowest in Nilgiris (two lakhs) 
and Ceded districts (one million each). 


Crop Production. 

Extent of cultivation . — The distribution of cultivated area 
among the different crops indicates the structure of agricultural 
production. Appendix XI shows the areas under important 
food and non-food crops in the State over the period 1920-21 
to 1048-49, while Appendix XII gives the percentage of area 
under the main crops from 1922-23 to 1948-49. 

Out of the total area under crops of about 37 miflinp acres, 
food crops occupied normally about 28 million a<nres and hon-looft 
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crops eight to nine million acres. The area under food and non- 
food crops comprised the following : — 

MILLION 

ACRES. 


Food crops — 

Paddy 10-8 

Millets . • . . 12*8 

Pulses 3*0 

Condiments and spices . . . . . • . . . . 0*6 

Sugar . . . . . . 0*2 

Fruits and vegetables including root crops . . . . 0*7 

Non-food crops 

Groundnut 3*7 

Other oil seeds including coconuts . . . . . . 1*7 

Cotton 2*0 

Tobacco . . . . . . . . . . . . . . 0 3 

Other fibres — ^Indigo, drug and narcotics, fodder crops, 
etc .. .. .. .. .. .. 1*1 


Food crops occupied 75 to 80 per cent of the cultivated area 
and non-food crops 20 to 25 per cent. Among food crops, rice 
occupied the first place as the chief staple food, and millets were 
the next in importance. The area under rice and the different 
millets and pulses showed the following percentages to the total 


cultivated area : — 

Rice 





PER CENT. 

27 to 30 

Cholam . . 

. . 

. . 



11 to 14 

Cumbu . . 

. . • 

. . 



6 to 7 

Ragi 

. . 

. . 



4 to 5 

Pukes other than horsegram 

•• 



3 to 4 

The percentage areas in 

respect of non-food 

crops 

were — 

Groundnut 





PER cent. 

11 to 12 

Gingelly . . 

. . • • 




1 to 2 

Castor 

• • • • 




i to 1 

Ckioonut 

• • . • 




1 to 2 

Cotton 

* • . . 


. . 


3 to 7 

Tobacco . . 

. . 


. . 


} to 1 


Appendix X show’s the percentage of area under each of the 
food and non-food crops in the State from 1922-23 to 1947-48. 
The percentage area under groundnut has increased from five in 
1922-23 to over ten in recent years; while cereals had declined 
from 69>per cent to 64 per cent, and food crops on the whole from 
80 to 76 per cent. 

The area under each of the important crops rice, sorghum, 
bajra, etc., in different districts is given in Appendix XI to 

XliVL 
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Crop outturn . — ^The actual production of principal crops in eaob 
year from 1921,-22 io 1947-48 is furnished in Appendix XLiSXl* 

In Appendix XLVIII is given the yield per acre (average 
for the State) estimated to be attained in each of the years from 
1921-22 to 1948-49 as compared to the normal yield for the 
important crops. 

The figures in these two Appendices (XL VII and XLVIII) are 
those taken from the Season and Crop Reports published by the 
Board of Revenue. 

The method adopted in recording, the outturn of erdps in the 
Season and Crop Reports is described below. 

The yield of crop is the product of three factors, namely, (a) the 
acreage under the crop, (b) the normal yield per acre and (c) the 
seasonal factor. As regards the first factor, the figures for culti- 
vated acreage are obtained from village accountants to begin with 
and consolidated by the Tahsildar for the whole taluk and by the 
Collector for the district and sent to the Economic Adviser, after 
making due allowance for under-reporting and non-reporting. No 
allowance is made for excessive damage of lands by floods, 
droughts, or other abnormal causes unless the land once sown is 
ploughed over and resown ; but the damage caused by floods, etc., 
is accounted for in the estimate of yield. When more i^an one 
crop is raised on the same land, account is taken of the acreage 
under each crop separately. 

The second factor, i.e., normal yield per acre, has been fixed 
for each crop for each district in the light of (i) crop-cutting 
experiments, (ii) the yields on the Government farms, (iii) local 
knowledge of Agricultural Officers and (iv) the results of the com- 
parison of the figures of yield with the figures of nett export and 
the estimate of consumption. The normal yield was firat fixed 
for each crop for each district' during 1919, and has been revised 
recently for cotton, sugarcane and tobacco. 

The third factor known as “ Seasonal factor ” indicates the 
effect of the season on the yield of crops. It is worked out in the 
following manner. An average anna figure for each district is, in 
the first' instance, worked out in the central office by taking a 
weighted average of the anna estimates reported for the several 
taluks. This average anna estimate is then converted into a 
percentage on the assumption that the normal yield for which the 
seasonal factor is taken as 100 is represented by 12 annas. (Hte 
condition factor so arrived at is then modified by tibe application 
of a correcting factor to allow for the pessimism of the reporting 
authorities, taking the average seasonal factor for the previous ten 
years as 100. The corrected seasonal factor is then aTamine d in 
the light of (i) the reports of Distrief Agricultund Officers regard- 
ing the condition of the crop and (ii) the statistics of actnal rainIsQ 
for each district as compared with the normal, and revised idwi 
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ueoessary to accord with the state of the season. In the Season 
and Crop Reports up to 1904-05, the seasonal factor was indicated 
by recording the anna estimate, 12 annas representing an average 
crop. E*rom 1906-06 onwards, the average outturn was indicated 
in parts of 100, 100 denoting a normal crop. Prom 1921-22, the 
seasonal factor for assessing the average yield was denoted by 
percentage figures. * 

Prices of Agricultural Commodities . — The trend of prices of 
the important food and non-food crops is furnished in Appendices 
XLIX to XLVII. While the prices in respect of rice, cholam, 
combn and ragi are available for the period from 1921-22 to 
1948-49, the prices of commercial crops, jaggery, groundnut, gin- 
gelly and castor are given for the years from 1929-30 to 1947-48. 
The figures in the appendices were taken from the Season and 
Crop imports and represent the harvest prices based on the 
average of the retail prices reported by Collectors as prevailing in 
two or three of the principal markets in each district. 

Weights and measures . — One of the draw -backs in the markel- 
ing of agricultural produce is the multiplicity of weights and 
measures adopted by the trade. There is great diversity and much 
confusion with regard to weights and measures used in the various 
districts. For instance, the “ maund ” for all India means a 
weight of 3,200 tolas, but it is only 900 tolas in Yisakhapatnam, 
1,000 tolas in Coimbatore and 1,120 tolas in South Kanara. 
Similarly, a “ Xuncham ”, a measure commonly used 'B Northern 
districts varies from 96 fluid ounces to 128 ounces within the same 
district of Yisakhspatnam and is 220 fluid ounces in RriBhiia and 
660 fluid ounces in Nellore. I'here is similar diversity in the 
‘‘ Marakkal ” wdiich varies from 96 fluid ounces in North Arcot to 
312‘3 fluid ounces in Chingleput. The ” seer ” is 44 ounces m 
Krishna, 40 ounces in Nellore and 41-7 ounces in Bellary and 
South Kanara. The most common weight freely used in Madras 
by the railways and which is th^ basis for price quotations in 
Port St. George Gazette is the Imperial Maund of 82'2857 lb. 

To avoid this confusion in the existing weights and measured' 
and to standardise the same for uniform adoption throughout the 
States, the Government of India enacted in 1939, a legislation 
fixing the All-India standards of weight. It was left to State 
Governments to fix local weights in terms of multiples and sub- 
multiples of the All-India weights. The Madras Government 
passed the Standards of Weights and Measures Act in 1948, bu? 
rules have not been framed under the Act and the Act is, therefore, 
not yet enforced in the Madras State. However, the sWdards of 
weights and measures for Madras prescribed under the Act' are 
furnished in Appendix LVIll for information. 

The Madras Standards of weight prescribed were the “ palam ” 
(8 folas), Madras seer tolas), viss (120 tolas), Madras Tnimnd 
(960 t(^i^ and candy (19,200 totos). Standards have also been 
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prescribed in the Act of 1948 for jeweller’s weights, measures of 
length and area (Vide Appendix LVIII). 

Area under improved strains. — During the past four decades, 
the Agricultural departmenj: in Madras has evolved a number of 
improved strains for important crops, having many desirable 
characters as compared to local varietie* as increased yield, 
better quality, earliness, resistance to pests and diseases, etc. 
A list of such strains evolved is given in Appendix LIX for rice, 
soi^hum, bajra, ragi, setaria, groundnut, sesamum, castor, 
coconuts and cotton. In each crop, strains have been evolved for 
each major tract or variety, for irrigated and rainfed crops, for 
different sowing seasons and with different duration periods to suit 
local needs. The important characters of each strain and the 
districts in which they have been distributed is given in the State- 
ments for each crop in Table LIX. 

The position regarding the distribution of strains during 1949 is 
summarised below : — 


Crop, 

Nvniber 

of 

strains. 

Area 
covered 
000 acres. 

Area under 
crop (1948-49) 
000 aotes. 

Percentage cf area 
covered by 
improved strains. 

1 Bico 

79 

. . 

10,430 

About 45 per cent. 

2 Sorghum . . 

33 

936 

4,777 

20 

3 Bajra 

9 

168 

2,359 

7 

4 Ragi 

14 

343 

1,609 

21 

5 Setaria .. 

7 

313 

1,704 

19 

^ Groundnuts 

4 

400 

3,699 

11 

7 Sesamum 

3 

80 

613 

13 

8 Castor 

4 

4 

230 

2 

9 Cotton .. 

10 

629 

1,632 

39 

10 Sugarcane 

. . 


176 

About 95 per oeiit. 


The area covered by improved strains was highest in sugarcane 
(95 per cent), and next in rice and cotton, where very large 
acreages are now under improve strains. 


Aobicultcral Legislation. 

(1) The Madras Commcrrial Crops Market Act, 1933, with 
later amendments. — ^The object of the Madras Commercial Crops 
Market Act, 1933 (Madras Act XX of 1933), is to provide for the 
better regulation of the buying and selling of commeroial crc^s in 
the Madras State and for that purpose to establish markets for the 
same. Under this Act, “ Commercial Crops ” mean cotton, 
groundnut or tobacco, and include any other crop or product 
notified by the State Government as a commercial crop for the 
purpose of this Act. 

The Government may by notification declare their intentkm of . 
exercising control over the purchase and sale of any oommetcdll 
crop or crops in any specified area whmb may comprise iJie 
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fir parts of a district or more than one district. A market com- 
mittee will be established for that area. No person shall there- 
after within such notified area set up, establish or use or continue 
any place for the purchase or sale of a notified commercial crop 
except under and in accordance with the conditions of a licence 
granted by the Collector. The grower of a commercial crop or a 
co-operative society A exempted from taking out such a licence, 
but the word grower shall not include a dealer or broker in that 
crop. 

The Market Committee shall consist of not more than twelve 
members elected from (1) the growers, (2) traders, as may be fixed 
by the Qnvemment, who may also appoint to sub-committee any 
member or members not exceeding the number to be elected. The 
District Agricultural Officer shall be ex-officio member of the Com- 
mittee.. The Committee can collect fees from purchasers of 
commercial crop or crops bought and sold in the notified area. The 
funds of the Committee can be used for the maintenance and 
improvement of the market, acquisition of sites, construction of 
buildings, supply of market information, provision of standard 
weights and measures and schemes for improvement of the com- 
mercial crop. The committee shall elect a Chairman and Vice- 
Chairman and enact by-laws to regulate market practices, includ- 
ing the conduct of proceedings, fixation of tare commission, trade 
allowances, standard weights, etc., and the checking of scales and 
weights. The by-laws of the Committee should be approved by 
the Director of Agriculture. 

No trade allowance i.s permitted in the notified urea and all 
samples shall be paid for. The Government shall make rules con- 
sistent with the Act, among other things, for election of members, 
issue of licences and registrations, inspection of weights and scales, 
standardization of grades and contracts, settlement of disputes and 
expenditure of money. 

The Accounts of the Committee shall be audited by the 
Examiner of Local Fund Accounts. The Chairman, Vice-Chair- 
man and every officer or sen'ant of the Market Committee shall be 
deemed public servants within the meaning of section 21 of the 
Indian Penal Code. 

The Act has been applied to colton and groundnuts in the 
Bellary and Anantapur districts, to cotton in Nandyal and Tirup- 
pm, to tobacco in the Guntur district, to tobacco and groundnut in 
Vijayavada taluk of the Krishna district, to groundnut in the South 
Aioot district, to tobacco and coconuts in East Godavari and to 
coconuts and arecanuts in Malabar and South Kanara. 

The Collector shall be the election authority for the notified 
«*ea, and shall perform the functions of Chairman of the Com- 
mittee when both the offices of Chairman and Vice-Chairman sure 
WOant. He can remove the Chairman or Vice-Chairmwi from 
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office, if such a removal i# recommended by a resolution of the 
Committee, supported by not less than two-thirds of the members 
of the Committee. 

It shall be the duty of the District Agricultural Officer to 
regularly attend meetings of the Committee, to wah^ the progiase 
of work and to report to the Director of Agmulture on any matter 
which requires special attention in the efficient discharge of the 
Committee’s work. 

(2) The Sugarcane Act (XK) of 1934.— The object oi the 
Act is to regulate the price of sugarcane intended for use in facto- 
ries in order to assure to the grower a fair price. The Act extends 
to the whole of India. 

The State Government may according to section 3 of the Act 
declare any specified area as a controlled area for purpose of this 
Act and fix a minimum price or prices for purchase by factories in 
that area ; and may also prohibit the purchase of such cane other- 
wise than from a grower or from a person licensed by the Govern- 
ment as a purchasing agent. A notice of not less than thirty days 
shall be given by publication in the Gazette, before issue of such 
orders. 

Any person purchasing cane for a factory in the controlled area 
at a price less than the minimum price fixed, shall be punishable 
with fine which may extend to two thousand rupees. 

The Government shall make rules among other things for the 
conduct of enquiries, setting up of Advisory Committees, issue of 
licences to purchasing agents, organization of societies of growers 
and maintenance of books and registers, under the Act. 

The Government of India may by previous publication Tnak# 
rules for exempting certain factories from the provisions of this 
Act. 

With the coming into existence of the Madras Sugar Factories 
Act of 1949, the Sugarcane Act (Central) of 1984, in so far as il 
applies to the State of Madras stands repealed. 

(3) The Cotton Ginning and Pressing Factories Act (XID 
of 1926. — ^The object of the Act is for better regulation of cotton 
ginning and cotton pressing factories in the whole of India. 

According to section 3, the owner of every cotton ginnin g 
factory shall maintain in the prescrihad form a ginning re^atonol 
all cotton ginned in the factoiy with the quantities, dates and 
names of persons for whom ginning is done. A pressing faotory 
shall similarly maintain a register In |he prescribed foot <rf ^ 
quantities of cotton pressed daily and the names, of owners nf 
cotton. Such registers should be produced for by 
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officer appointed by the Government. The owner of every press- 
ing factory shall cause every bale pressed in his factory to be 
marked in the prescribed manner. 

The owner of every cotton pressing factory shall submit to the 
Director of Agriculture weekly returns showing the number 
bales of cotton of di^erent varieties pressed during the preceding 
week and up to that week for the season, and a weekly statement 
giving such totals for the State will be published by the Director 
of Agriculture. The season for the purposes of the Act shall 
commence on the Ist day of February every year. 

The Act provides (section 6) that no scale or weights shall be 
used in any cotton ginning or pressing factory other than those 
prescribed as standards by the Central Government for the district 
concerned. Ginning houses shall be provided with separate en- 
trances and exits for bringing in of unginned cotton and taking 
out of ginned cotton and the factories shall be constructed in 
accordance with plans and specifications approved by the prescribed 
authority, who for the Madras State is the Commissioner of 
Labour, 

The following officers are empowered to inspect factories and 
examine standard weights and scales in cotton ginning and press- 
ing factories in the State of Madras, namely : — 

(1) The Commissioner of Labour, Madras. 

(2) Inspector of Factories, and 

(3) The Director of Agriculture, Madras, Deputy Directors 
of Agriculture and District Agricultural Officers. 

(4) The Cotton Transport Act {Act III of 1923). — The object 
of ihe Act is to provide for the restriction and control of the trans- 
port of cotton in certain zones so that the quality and reputation 
of cotton grown in certain protected areas in India may be main- 
tained. 

The State Government (section 8) may by notification in the 
Gazette prohibit the import of cotton or any specified kind of 
cotton into any prescribed area in Madras by rail, road, river or 
sea, save under and in accordance with a licence issued by the 
Director of Agriculture. 

Any railway servant or stationmaster may refuse to book or 
deliver any cotton the carriage of which to a notified station is 
prohibited, except under a licence, as aforesaid which shall be 
attached to the invoice or way bill. Any person contravening these 
provisione shall be liable to a fine not exceeding one thousand 
rapees for the first ofifence and upon subsequent conviction to 
uuprifionment which may extend to three months or to fine which 
toay extrad to five thousand rupees or to both. 

Under the Ac$, cotton means every kind of unmanufactured 
botton, that is to say. ginned and unginned cotton, cotton waste 
•ndootUaead. 
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The protected areas for cotton kapas, ginned cotton and cotton 
waste are — 

(1) Northerns and Westerns Area, consisting of the districts 
of Bellary, Anantapur, Guddapah, and Kurnool (except Markapnr 
and Cumbom taluks). 

(2) The Cambodia area comprising th^ districts of Chingle- 
put, South Arcot, Chittoor, North Arcot, Salem, Coimbatore, 
Tiruchirappalli, Tanjore and that portion of the Mathurai-Rama- 
nathapuram districts outside the Tininelveli area defined below. 

(3) Tirunelveli area. — ^Tirunelveli district and portion of the 
Mathurai-Ramanathapuram districts lying to the west and south 
of the Kothagudi river, the east and south of the Vaigai river and 
portions to the north of the Vaigai river bounded Viy the Periyar 
channel up to Melur and thence by the Melur-Sivaganga-Mana- 
madura road. 

The taking in of cotton kapas, ginned cotton or cotton waste to 
any station situated in any of the above protected areas from any 
station outside is prohibited, except under a licence. Transport of 
cotton seed into the Northerns and Westerns areas is permitted 
without restriction throughout the year. Transport of cotton seed 
into the Tirunelveli area is permitted only at the discretion of the 
Director of Agriculture from the Ist of December of each year to 
the 31st of May of the following year. 

The Director of Agriculture may require the inspection of any 
consignment of cotton by an officer of the Agricultural department 
before the grant of a licence for the import of the consignment. 
The rates for such inspection shall be as follows : — 

(1) Ginned cotton or cotton waste. — Rupee one per bale of 
400 lb. or part thereof. 

(2) Unginned cotton. — Rupees two per bale of 8(X) lb. or part 
thereof. 

(3) Cotton seed. — Annas eight for every 1,000 lb. or part 
thereof. 

The levy of fees for the inspection of ginned or unginned cotton, 

cotton waste and cotton seed .shall, however, be subject to a 

minimum of Rs. 100 in respect of each inspection irrespective of 

the number of varieties of cotton inspected. The Officer will not 

be deputed for inspection outside the limits of the State. 

« 

(5) The Madras Cotton Control Act (VII of 1932). — The object 
of the Act is to provide for the prohibition of the cultivation of 
PuJiehai cotton and the mixing of such cotton with other oottcm 
and also the prohibition or restriction of the trade in such cotton, 
pure or mixed. 

As defined in the Act, the word ** cotton ” means cotton 
ginned and unginned cotton, cotton wa^ and cotton cCidL ' 
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The Government may by notification in any area prohibit the 
cultivation, mixing or trade in Pulichai cotton. Ollicers autho- 
rized by Government are empowered between tlie hours of G a.m. 
to 6 p.m. to enter upon any land where Pulichai is suspected to be 
grown or any place where it is suspected to be mixed and seize 
such cotton. 

The OflScer shall take a sample of the cotton seed, separate it 
into three equal parts, seal them in the presence of the owner 
and two witnesses and send one sample for examination to the 
Cotton Specialist and another to the nearest cotton breeding 
station, and a report in prescribed form sent to the Director of 
Agriculture and the District Magistrate. The remainder of the 
cotton may be left with the owner after taking an undertaking 
from him in writing that it shall be produced before any Court 
when required or the Officer may make other arrangements for its 
safe custody. If in the opinion of the Cotton Specialist the sample 
contains Puhcliai^coiUm, the Officer may after getting the sanction 
of the Director of Agriculture, file a complaint to the District 
Magistrate for prosecution of the offender. If the sample is free 
from Pulichai, the fact shall be intimated to the Director of 
Agriculture and pnxjeedings dropped. 

The Act will be enforced in the districts of Mathurai, Kama- 
nathapuram, Tirunelveli and Coimliatore. Deputy Directors of 
Agriculture, District Agricultural Ofiicers, and Special Agricultural 
Demonstrators in the area are empowered to exercise the powers 
of inspection and seizure under the Act. 

(G) The Agriiultural and other Produce (Grading and Marking) 
Act, 1937. — This Act was passed by the Clovernment of India to 
provide for the grading of agricultural and other produce under 
^defined standards and the marking of produce so graded. Agricul- 
tural produce includes all produce of agriculture or horticulture and 
all articles of food and drink wholly or partly manufactured from 
such produce and fleece and skins of animals. 

The Central Government may authorize a person or bod\ of 
persons to mark with a grade specification any article included in 
the schedule which includes the following : — 

(1) Fruits. (11) Vegetable oils (including 

(2) Vegetables. hydrogenated oils and 

(3) Eggs. vegetable fat). 

(4) Dairy produce. (12) Cotton. 

(5) Tobacco. (13) Rice. 

(6) Coffee. (14) Lac. 

(7) Hides and skins. (16) Wheat. 

(8) Fruit products. (16) Sunn-hemp (fibre). 

(9) Ata (wheat flour). (17) Sugarcane gur (jaggeiy). 

(10) Oil-seeds. (18) Myrobalams. 

The person authorized to grade, called “ Authorized packer 
i« granted a certificate peimiTiTjmg rmu xo graae a specified com- 
modity for a prescribed period. Labels of different colours or marks 
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are provided for each grade and it is the duty of the authoriased 
packer to see that the quality graded conforms to the standard 
fixed by the Government of India under the rules for that com- 
modity. Any person who uses a grade specification mark not being 
authorized to do so, is punishable with fine which may extend to 
five hundred rupees. If any authorized packer is found not to 
comply with the definition of quality prescribed for that article, 
the grade designation mark will be removed while the certificate of 
authorization will be cancelled. 

In Madras the following commodities are being graded, viz. : — 

(1) Sathgudi oranges. 

(2) Eggs (hen). 

(3) Tobacco. 

(4) Sunn-hemp (fibre). 

The grading of rice, mangoes, jaggery and potatoes were also 
done. Under the Sea Customs Act, tobacco or* sunn-hemp (fibre) 
cannot be exported outside India, except under a grade designation 
mark under the Agricultural Produce Grading and Marking Act. 

The State Marketing Officer and Assistant Marketing Officers 
are empowered to enter and inspect premises of authorized packers, 
check the quality, take samples and examine the records and 
make reports to the Agricultural Marketing Adviser to the Gnvem- 
ment of India, Delhi. Any person who desires to take up grading 
under this Act, should apply to the Agricultural Marketing Adviser 
to the Government of India through the State Marketing Officer 
in the prescribed form. Persons who desire to grade ghee should 
undertake to equip themselves with a suitable laboratory, and also 
provide for the salary of qualified chemists employed by the 
Marketing Adviser. 

Any charges incurred by the Government of India m supplying 
labels, instruments or equipments will be recovered by a charge 
on the graded produce fixed by that Government. 

Details of the working of this Act are given in the chapter on 
Agricultural Marketing. 

(7) The Destructive Insects and Pests Act, 1914. — ^This Act 
was enacted by the Government of India to prevent the introduc- 
tion into India of any insect, fungus or other pest which is or may 
be destructive to crops. When Government notify the prohibition 
or regulation of any article or class of article under this Act, 
Customs officers are empowered to deal with the article by confisca- 
tion or destroyal as though it has been prohibited under the Sea 
Customs Act. The Act was later amended in 1988 to enforce the 
prohibition or restriction of such articles from one StiUe of India 
to another. When the import is permitted under certain condi- 
tions, the person concerned should produce a certificate from the 
prescribed authority that such conditions have been fulfilled a^d 
the article is free from insect pests and diseases. 
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In the case of living plants imported into India a certificate 
should be issued from prescribed authority in the country of origin* 
No plants other than fruits and vegetables intended lor consump- 
tlOQi potatoes^ sugarcane and unmanufactured tobacco shall be 
imported into India by sea except after fumigation with 
hydrocyanic acid and at a prescribed port. 

(8) The Madras Agricultural Pests and Diseases Arty 1919. — 
This Act provides for measures being taken to prevent the spread 
of insect pests, plant diseases and noxious weeds injurious to health 
or to crops, plants, trees or water-supply or obstructive to water- 
ways within the State of Madras. 

If the Government consider that any pest, disease or weed in 
any local area is dangerous for the purposes of the Act, a notifica- 
tion will be published in the local Gazette, (a) declaring the pest as 
offensive, (b) prohibiting or restricting its removal or prescribing 
preventive or remedial measures and (c) defining the area and 
period for which such notification will be in force. On the issue 
of such notification every occupier within the notified area shall be 
bound to carry out the remedial and preventive measuies prescrib- 
ed. If the measures include the removal or destruction of the 
plant, any occupier w^ho fails to remove or destroy the plant before 
the specified date shall be deemed to have committed an offence 
under this Act, and the Inspecting Officer may carry out such 
removal or destruction under his supervision. Compensation is 
payable to destruction of trees or plants under certain circum- 
stances but no compensation is payable for the destruction of 
cotton plants removed to prevent or eradicate disease. 

Prosecutions under this Act require the previous sanction of the 
Collector and no prosecution can be commenced after six months 
from the date of the alleged offence. 

(9) The Fruit Products Order , — Fruit products were graded 
under the Agricultural Produce Grading and Marking Act till 1946, 
when the work was transferred under the Essential Supplies 
Powers Act to the Fruit Adviser to the Government of India and 
recently to the State Government. An advisory committee consist- 
ing of the Bio-chemist, Fruit Products Laboratory, Kodur as 
Chairman and one member representing consumers and another oi 
the licensees has been formed. No person shall carry on the busi- 
ness of a manufacturer of fruit products except under a licence 
granted by the licensing officer of the Madras Government, and a 
fee will be charged at Es. 40 for the first four thousand rupees 
and thereafter at Rs. 6 for every five hundred rupees on the value 
of the manufacture. Every manufacturer shall manufacture fruit 
pfeducta in conformity with the sanitary requirements and the 
appropriate standard of quality prescribed in the schedule. The 
seeded packets should be sealed and marked according to rules pre- 
scribed and return of stocks should be furnished at the end of each 
term, and accounts maintained in the proper form. No person 

AM.— 100 
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shall sell or expose for sale or despatch or deliver to any agent or 
broker any fruit product of any of the types specified in the schedule, 
unless it conforms to the standard of quality prescribed. The provi- 
sions of. the order do not apply to imported beverages or rural 
manufactures in small quantities. Any beverage not containing at 
least 25 per cent of the fruit juice in its composition shall be 
described as a fruit syrup only, and not fruit juice, squash, cordial 
or crush. The syrups should not contain less than 10 per cent of 
the fruit juice. Grade standards have been drawn up in the 
Bchedole for fruit juices, cordials and syrups, barley waters, syn- 
thetic beverages and syrups, canned and bottled fruits and vegeta- 
bles, jams, jellys and marmalades, canned and crystallised fruits, 
preserves, fruit chutneys, vinegar, pickles, dried fruits and vegeta- 
bles and tomato juice, puree and ketchup. 

Any contravention of this order is punishable with forfeiture of 
the material together with sentence. The State* Governments shall 
sanction prosecutions after consulting the Advisory Committee. 

(10) The Madras Sugar Factories Control Act, 1949. — This Act 
is meant to provide for the licensing of sugar factories and regulate 
the prices and supplies of sugarcane used in such factories and other 
incidental matters. 

The Director of Agriculture designated Sugarcane Commissioner 
will be Chairman of the Advisory Committee constituted for the 
purpose, consisting of manufacturers, growers and consumers. 
No sugarcane can be crushed in a factory except under a licence 
granted by the Government, valid for ten years and the conditions 
prescribed regarding quantities crushed and the manner in which 
sugar will be graded. The Sugarcane Commissioner may reserve 
any area for that factory and growers in that area may offer cane 
to the factory who shall enter into an agreement in the prescribed 
form to purchase all such cane offered subject to a minimum fixed 
by the Cane Commissioner, for each grower and the maximum 
consumption of each factory. The occupiers of each factory should 
maintain registers in proper form showing the names of growers 
and the quantities of cane offered. Inspectors working under the 
Cane Commissioner shall be appointed for each factory area to work 
the provisions of the Act. 

No cane shall be sold in any reserved area to any person other 
than the occupier of the factory and no occupier shall refuse to 
purchase cane under contract exc^t with the nermission of the 
Inspector. Export or import of cane in the reserved area is ptolii* 
bited. The Government may, at any time, before the cnudfing^ 
season notify the price to be paid for the cane or the method of^ 
calculating such price for different varieties and also permit payment 
of such instalments as may be specified in the notification. 
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Crushing of sugarcane without a licence in a factory or against 
the conditions of the licence is punishable with a fine extending to 
Bs. 6,000 for each day of the offence. If the occupier refuses to 
purchase cane in contravention of the Act, or pays less than the 
price fixed or makes deductions from it, he is liable to be punished 
with an imprisonment up to six months or with a fine up to 
Bs. 2,000 or both; and the same punishment can be given to import 
or export of cane against the provisions of the Act. 

A oess of six annas per ton of sugarcane brought into the area 
for consumption, use or sale is levied. 

Buies have been framed for the constitution of the Committee, 
correct weighments and the methods of determining the percentage 

of recovery of cane. 


100a 
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Entomology. 


1 Ananthanarayanan, 1929 . . 

K. P. 


2 

Do. 

1934 . . 

3 Ananthanarayanan, 

K. P. and Ayyar, 
Bamakrishna, T. V. 

1937 .. 

4 Ayvar, Bamakrishna, 
f. V. 

1909 . . 

6 

Do. 

1910 (a). 

6 

Do. 

1910 (6). 

7 

Do. 

1913 (a). 

8 

Do. 

1913 (h). 

9 

Do. 

1916 .. 

10 

Do. 

1916 (a). 

11 

Do. 

1916 (6). 

12 

Do. 

1916 (c). 

18 

Do. 

1917 (a). 

14 

Do. 

1917 (6). 

16 

Do. 

1917 (c). 

16 

Do. 

1918 (a). 

17 

Do. 

1918 (6). 


4 


Notes on the influence of weather condi- 
tions on breeding Euiophids in the 
laboratory, Calicut. Madras Agri. J,, 
Coimbatore, Vol. 12 (9), pp. 287*~28S. 

On the bionomics of an Eulophid (Tri^ 
chospilus pumvora, F.) a natural 
enemy of the coconut catei^illar 
{Nepfiantis aennopa, M.) in South 
India. Bull. Ent. Ees., London, 
Vol. 26 (1), pp. 65-61. 

Bionomics of the swarming caterpillar of 
paddy in South India. Agric. Live. 
Stk. India, New Delhi, Vol. 7 (6), 
pp. 725-735. 

Notes on Indian Aculeata Bymempiera 
included in Lefroy's Indian Insect 
Life. 

Life history notes ou tlie moth ‘ Orgyia 
poaHca^ *W., a pest of castor. J. 
Bombay. Nat. Hist. Soc., Bombay, 
Vol. 20 (1), pp. 241-242. 

Life history notes on the caterpillar 
himting wasp — Eumetiea confca^ Fb., 
J. Bombay. Nat. Hist. Soc., Bombay, 
Vol. 20 (1), pp. 243-244. 

On the life history of Coptosoma cribraria^ 
Fb. J. Bombay. Nat. Hist. Soc., 
Bombay, Vol. 22 (2), pp. 412-414, 1 pi. 

Note on the life history of a Phasmid. 
J. Bombay. Nat. Hist. Soc., Bombay, 
Vol. 22 (3), pp. 641-643. 

Tlie moon moth {Actias aelene, Hb.) as 
a j>est. J. Bombay. Nat. Hist, ^c., 
Bombay, Vol. 23 (4), pp. 792-793. 

Sericulture in South India (an account 
of the silk worm industry in South 
India). Trop. Agri.. Ceylon, Vol. 46, 
pp. 253-254 and 333-334, Vol. 47, 
pp. 25-26, 179-181, 247-249 and 
316-318. 

Jusects and agriculture. The Madras 
Exh. Bk., Mt^ras, pp. 138-160. 

A borer pest of stored paddy (HAuo- 
periha). Madras Agric. Cal., Mirras, 
pp. 68-70. 

A new pest of Uie coconut palm in the 
West Coast {Contheyla rotunda^ H.) — 
Year book Dep. A^ic., Madras, pp. 
71-76. 

Notes on the life history and habits of 
the eye fly {SiphoneHa funiooh, M.)* 
Madras Year book Dep. Agric., Madras, 
pp. 76-86. 

Note on the egg laying habits of the 
agathi weevil Ahidea hubo, Fb.'— Year 
book D^. Agric., Madras, pp. 97-99. 

Some notes on the habits and life history 
of the cotton aim weevil. Tea^ 
book Dep. Agric., Madras, pp, 1-13. 

Insect friehds of the farmer, Medta# 
Agrie. Cal., Madras, pp. 35-*49. 
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Eamakrishna, 

1918 (o). 

19 

Do. 

1919 (a). 

20 

Do. 

1919 (6). 

21 

Do. 

1019 (c). 

22 

Do. 

1919 (d). 

22 

Do. 

1919 (c). 

24 

Do. 

1919 (/). 

26 

Do. 

1919 (g). 

26 

Do. 

1919 (A). 

27 

Do. 

1919 (i). 

28 

Do. 

1919 (;). 

29 

Do. 

1919 (A*). 

30 

Do. 

1919 (1). 

31 

Do. 

1919 (m). 

32 

Do. 

1919 (n). 

33 

Do. 

1919 (0). 

U 

Do. 

1919 (p). 

36 

Do. 

1919 (q). 

36 

Do. 

1019 (r). 

87 

Do, 

1921 (a). 


The mango hopper pest (Idioeema) and 
its control in South India. Trop. 
Agric., Ceylon, Vol. 51 (1), pp. 46-50* 

The weevil, Apoderus tfranqueba/riotm^ 
Fb. as a pest of mango. Bull. Agric. 
Res. Inst., Pusa., No. 89, p. 15. 

An alternative food plant of Achcea 
janaia, Linn. — the castor moth. Bull. 
Agric. Res. Inst., Pusa., No. 89, p. 64. 

An alternative food plant of Hybloea 
putra, C. (the teak caterpillar). Bull. 
Agric. Res. Inst., Piisa., No. 89, p. 67. 

The butterfly — Parata alexia, Fb. as 
a pest. Bull. Agric. Res. Inst., Pusa., 
No. 89, p. 77. 

Two swarming Pentatomid pests on 
Pongamia glabra. Bull. Agric. Res. 
Inst., Pusa., No. 89, p. 84. 

Some insects recently noted as injurious 
in. South India. Proc. 3rd. Ent. 
Mtgs., Pusa., pp. 314-328. 

Coccids affecting fruit trees on South 
India. Proc. 3rd. Ent. Mtgs., Pusa., 
Vol. 2, pp. 601-609. 

A note on our present knowledge of 
Indian Thysanoptera and their econo- 
mic importance. Proc. 3rd. Ent. 
Mtgs., Pusa., Vol. 2, pp. 618-622. 

Note on a musciphagous wasp. Proa* 
3rd, Ent. Mtgs., Pusa., Vol. 3, p. 909. 

Notes on the life history of Cantao 
ocellatua. Thumb. Proc. 3rd. Ent. 
Mtgs., P^a., Vol. 3, p. 'OlO. 

Notes on the life history of Pclyptychua 
deniatua. Cram. Proc. 3rd. Ihit. Mtgs., 
Pusa., Vol. 3, pp. 914-919. 

Notes on the life history of the pepper 
pollen leaf beetle. {Longitarsus), 
Proc. 3rd Ent. Mtgs., P^usa., Vol, 3, 
pp. 925-928. 

On the insect parasites of some Indian 
crop pests. Proc. 3rd Ent. Mtgs., 
Pusa., Vol. 3, pp. 931-036. 

Notes on two psyllid galls exhibited with 
remarks on Indian Psyllidae. Proc. 
3rd Ent. Mtgs., Pusa., Vol. 3, pp. 1030^ 
1031. 

Note on some swarming Fulgorid bugs. 
Proc. 3rd Ent. Mtgs., Pu^., Vol. 8, 
pp. 1032-1033. 

EumastacinsB from South India. Proc* 
3rd Ent. Mtgs., Pusa., Vol. 3, pp. 1033- 
1034. 

Some South Indian Coccidse of economic 
importance. J. Bombay. Nat. Hist. 
Soc., Bombay, Vol. 26, pp. 621-628. 

Some foreign insect pests which we do 
not want in India. Agric. J. India, 
Calcutta, Vol. 14 (3), pp. 600-611. 

Weevil fauna of South India with speoiAl 
reference to spedes of econtnnio 
importance. Bull. Agrio. Inst*, 

pusa., No, 126^ 21 pp. 



im 


BXBLEOaEAraY 


88 

RamakHahna, 

IMl (b). 

89 

Do. 

1921 («). 

40 

Do. 

1921 (d). 

41 

Do. 

1921 («). 

42 

Do. 

1921 (/). 

48 

Do. 

1921 (g). 

44 

Do. 

1928 (a). 

45 

Do. 

1928 (6). 

46 

Do. 

1923 («). 

47 

Do. 

1923 (d). 

48 

Do. 

1928 («). 

49 

Do. 

1928 (/). 

50 

Do. 

1923 Of). 

51 

Do. 

1923 (A). 

52 

Do. 

1924 (a). 

58 

Do. 

1924 (6), 


54 Do. 1924 (c). 

55 Do. 1924 (d). 

!>•. 1915 (a). 


Short notes on new and known 
from South India. Froo. 4ih 
Mtgs., Pusa., pp. 29-40. 

The Entomologist’s orop pests Calendar 
for the Madras Presiwoy. Proc. 4th 
Ent. Mtgs.. Pusa., pp. 49-55. 

A check list of the Coccid» of the Indian 
region. Proc. 4th Ent. Mtgs., Pusa., 

pp. 886-862. 

Parasitic Hymenoptera of economic 
importance from South India. Proo. 
4th £&t. Mtgs., Pusa., pp. 868-866. 

Some local practices prevalent in South 
India in the control of insect pests. 
Agric. J. India, Calcutta, Vol. 16 (1), 
pp. 40-51. 

An undescribed natural enemy of the 
castor semilooper. (Achoea), J* 
Bombay Nat. Hist. S^., Bombay, 
Vol. 28 (1), pp. 298-300. 

Some insects noted as pests of fruit trees 
in South India. Agri. J. India, 
Calcutta, Vol. 18 (1), pp. 50-59. 

Life history notes on Ve^ eincta Pb. 
Proo. 5th Ent. Mtgs., Pusa., pp. 201*^ 
262. 

Short notes on South Indian insects. 
Proc. 5th Ent. Mtgs., Pusa., pp. 268- 
269. 

On the bionomics and taxonomy of 
Hutillidae. Proc. 5th Ent. Mtgs., 
Pusa., pp. 278-279. 

Further contribution to the Coccid 
records of South India. Proc. 5th 
Ent. Mtgs., Pusa., pp. 889-844. 

A catalogue of the Braconid wasps 
describe from the Indian region. 
Proo. 5th Ent. Mtgs., Pusa., pp. 852- 
362. 

Some suggestions for future work in 
Entomology. Prov. 5th Ent. Mtgs., 
Pusa., pp. 891-402. 

List of the important insects injurious 
to cultivated crops in South India. 
Madras Agri. D^t. Bull., No. 86, 
45 pp. 

Notes on the status of some Parasitic 
hymenoptera in South India. J. Bom* 
bay* Nat. His. Soc., Bombay, Vol. 80 
(2),rp. 487-491. 

List of the Psyllidae recorded firom 
India and Ceylon. Reo. Indian Mus«, 
Calcutta, Vol. 26 (6), pp. 621-625. 

Suggestions to the market gardener fbr 
checking insect pests. Proo. 11th 
Ind. Sci. Congress, Bangalore, p. 42. 

A ohedc list of the Indo-Ceyloneae 
ohidoid flies (including numerous econo* 
mio parasites), fi^lia 
Colombo, Vol. 18, pp. 285-il54. 

A new lady bird beetle of eocmomie 
importance coectero^ Bnde) 

J. Bciiibay. Nat. Bist. Soc., Bombay^ . 
ycL8D(2),pp.49iHl92, ^ 


56 
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67 

Ramttkrishiia, 

1925 (6). 

Two new Thysanoptera of economio 
importance from South Indio. J,, 
Bombay. Nat. Hist. Soc., Bombay, 
Vol. 30 (4), pp. 788-792. 

66 

Do. 

1925 (c). 

An annotated list *of Thysanoptera 
known from India and Ceylon. J., 
Bombay. Nat. Hist. Soc., Bombay, 
Vol. 30 (4). pp. 861—871. 

66 

Do, 

1925 (d). 

The nim mealy scale {PiUvinaria maxima 
Gr.). Pusa. Mem. Dept. Agric. India 
Ent., Vol. 8 (12), pp. 127-156. 

60 

Do. 

1925 (e). 

Thrips, on insect group little known in 
India. J., Madras Agric. Stud. Un., 
Coimbatore, Vol. 13 (10), pp. 311- 
317. 

61 

Do. 

1926 (/). 

Some biological methods of insect pest 
control. J. Madras Agric. Stud. Un., 
Coimbatore, Vol. 13 (11) and (12), 
pp. 370-377. 

66 

Do. 

1926 (a). 

The braconid genus Aphraatohraoon) 
Ashm. Bull. Ent. Res. London, Vol. 17 
(1), pp. 91-98. 

66 

Do. 

1926 (6). 

Recent additions to Indo-Ceyloneso 
Coccidae. J. Bombay, nat. Hist. Soc,, 
Bombay, Vol. 31 (2), pp. 450-457. 

64 

Do. 

1926 (c). 

Place of economic Zoology in a scheme 
of Agricultural education. J. Madras. 
Agric. Stud. Un., Coimbatore, Vol. 14 
(7), pp. 183-187. 

66 

Do. 

1927 (a). 

Rise and progress of Entomology in 
India. J. Madras. Agric. Stud. Un., 
Coimbatore, Vol. 15 (1), pp. 7-16. 

66 

Do. 

1927 (6). 

The parasitic hymenoptera of economic 
importance noted from South India. 
Bull, Ent. Res. London, Vol. 18 (1), 
pp. 77-79. 

67 

Do. 

1928 (a). 

A contribution to our knowledge of South 
Indian Braconidae. (including economic 
parasites), Pt. I. Vipioninae, Pusa. 
Mem. Dept. Agric. India Ent., Vol. 10 
(3), pp. 29-50. 

66 

Do. 

1928 (6). 

A contribution to our knowledge of the 
Thysanoptera of India. Pusa. Mem. 
Dept. Agric. India, Ent., Vol. 10 (7), 
pp. 217-316. / 

66 

Do. 

1929 (a). 

The economic status of Indian Thysa- 
noptera. Bull. Ent. Res. London, 
Vol. 17 (1), pp. 77-79. 

70 

Do. 

1929 (6). 

Some Indian Lepidoptera with abnormal 
habits. J. Bombay, nat. Hist. Soc., 
Bombay, Vol. 33 (3). pp. 668-676. 

71 

Do. 

1930 (a) 

The economic' aspect of insect association 
with special reference to Coccidae. 
Madras Agric. J. Coimbatore, Vol. 18 

(3), pp. 121-128. 

76 

Do. 

1980 (6). 

The role of the Zoologist in the field of 
applied Biology. Madras Agric. J., 
Coimbatore, Vol. 18 (9), pp. 463- 
472. 

n 

Do. 

1930 (o). 

A contribution to our knowledge of 
South Indian Coccidae. Bull. Agrio. 
Bee. Inet., Pusa^ No. 197, 73 pp* 
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n 

./•S' 

Ayyar, Batnakrkihna 
T. V. 

, 1930(d). 

76 

Do^ 

1931 (a). 

76 

Do, 

1931 (6). 

t 

77 

Do. 

1931 (c). 

78 

Do. 

1931 (d). 

79 

Do. 

1931 (e). 

80 

Do. 

1931 (/). 

81 

Do. 

1931 (g). 

82 

Do. 

1932 (o). 

83 

De. 

1932 (6). 

84 

Do. 

1932 (c). 

86 

Do. 

1932 (d). 

86 

Do. 

1932 (e). 

87 

Do, 

1932 (/). 

88 

Do. 
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GLOSSARY, 


Common namo, 

( 1 ) 

AbyssiniAn Teft grass 
Acid lime 


Botaniodl name* 

( 2 ) 

Eragrosiis Abyeoinica 
Citrus aura/ntifolia 


Aeroplane Wood tree 
Akasa Thamarai 
Avaoado poar or Alligator 

pear 

Agave.. 


Apple 

Apridot 

Arecanut 


Ochroina legopua . . 
PUtUa stratioiee 
Persea americana . . 

Agave sisalana 

Limanthemum criatatum 

Malua indica 
Pfunua armeniaca 
Areca catachu 


Arrowroot (East Indian) 
(West Indian) 

Agathi 


. . Curcuma angiaUfoUa 
Maranta arundiacea, 
. . Seabania grandi flora 


Vernacular name, 

( 3 ) 


Tam : Elumichai. 
Tel: Nimma. 

Kan : Nimbae. 

Mai : Gherunaranga. 


Tam : Berikkai. 

Tel: Berrikai. 

Kan: Berikai. 

Tam : Kathalai. 

Tel ; Kithanara. 

Tel : Anthara Tha- 
mara. 


Tam : Pakku or Ka- 
mugu. 

Tel : Vakka. 

Kan : Adike. 

Mai : Adaka. 

Hind : Supari. 


Tam : Kathalai. 
Tel: Kalabanda. 
Kan ; Kalnarii. 


Australian drought resis- Panicum antidotale 


tant grass. 

Asafoetida Ferula alliacia and Ferula .... 

foetida, 

Baol Aegh marmeloa . . . . .... 

Banana Muaa paradisiaca and Tam : Vazhai. 

Muaa aapientum, Tel : Arati. 

Kan : Baiae. 

Mai ; Vazha. 

Barley , Hordeum vulgare . . . . . . • . 

Barnyard millet • • Echinochloa coUma fumen- Tam : Kudiraivali. 

tacea, Tel : Oodalu or Bari- 

gaI^. 

Beetfroot Beta vulgaria . . . . Tel : Beetu Dumpa. 

Bengalgram Cicer arklinum . . . . Tam : Kadalai. 


Tel : Sanagalu, 

. Kan : Ka&le. 

Mai : Kadalakka. 

Hin: Cheenai. 

Bengal jnte ^ .. Corchoreae oUtoriuo^^ Cor^ Tam : Sana] or Sam^* 

choreaa capauhria^ pu. 

Tel : Kara gogu. 

Kan : Goni Naru, 

M^ ; C^nam/ 
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0<mmiOnnam€. 

Botanical name. 

Vernacular name. 

(1) 

(2) 

(3) 

Bendai 

Hibicua esctdentua 

Tam : Vondai. 

Tel : Benda. 

Kan : Bendo. 

Mai : Vanda. 

Betel vine 

Piper betle . . 

Tam : Vethilai. 

Tel : Thamalapaku, 
Kan : Vilathale. 

Mai : Vetila. 

Hind ; Pan. 

Berseem 

Trifolium alexandrinum . . 

.... 

Blaokgram 

Pkaeeolua mungo . . 

Tam : Ulundu. 

Tel : Uddulu. 

Kan : Uddu. 

Mai : Uzhunnu. 

Hind: Udid. 

Blue gum 

Eucalyptus globulus 

Tam : Karpurama- 
ram. 

Bombay hemp or Bhimili- 

Hibiscus cannabinua 

Tam : Pulichai or 

patam jute. 


Pulimanji. 

Tel : Gogu. 

Kan : Pundi Palya, 

Bilwa 

Aegle marmelos 

.... 

Ber 

Zizyphus jujttba .. 

.... 

Bontha-oodaragaddi 

Panicum stagninum 

.... 

Billi kiohili . . 

Citrus sp. . . 

.... 

Bilimbi 

Averrhoa bilimbi . . 

.... 

Buffalo grass 

Brachiaris mutica stapf . . 

Tam ; Erumaipul. 

Tol : Enumu gaddi, 
Kan : Konatha hullu. 

Bread fruit . . 

Artocarpus communis 

Tam ; Seemaipela. 

Bowstring hemp 

Sanseveria ro^urghiana . . 

.... 

Bullock*8 heart 

Anona reticulata . . 

.... 

Betel nut 

Areca catechu 

Tam : Pakku. 

Tel: Vakka. 

Kan : Adike. 

Butter fruit 

Same as Avacado pear 


Cabbage 

Brassica olearacea, Var. 

Tam : Muttaikose. 

buUata. 

Kan : Kosu. 

Camphor 

Cinnamomum camphora . . 

Tam : Karpuram or 
Soodam. 

Kan ; Kaipura. 

Chicory 

Cichorium intybus 


Capegooseberry 

Physalia peruviana 

.... 

Cardamom 

Elettaria cardatnomum 

Tam : Elakkai. 

Tel : Elakkaya. 

Kan : Elakki. 



Mai: Alekka. 

Carambola 

Avenhoa carambola 

• • • • 

Carrot 

Daucus carota 

• • • • 

Casurina 

Casurina equisetifolia 

Tam : Chavukku. 

Tel : Sarvi. 

Kan : Sarve, 

Castor 

Rioinus oommunis . . 

Tam : Amanakku. 

Tel; Amudalu. 

Kan ; Haralu. 



Mai ; Avanakku. 

Hind : Arandi. 


AOS.— 104 





T48d 


O6mmonname. 

Bokmical name. 

Vemadutarna/me. 

(1) 

(2) 

(3) 

Oaehewt]*ee 

Anacofdium occidentcUe . . 

Tam : Mundiri. 

Tel : Jeedi-mamidi. 



Kan ; Geru-beeja. 

Mai: Parangi manga. 



Hind: kaju, 

Cauliflower 

Braaaica ohracea Var. 

. . * * 


hotrUia, 


Chengala gaddi 

laeilema laxum 

.... 

Cheeni orange 

Oitrua ainenaia, oabeck 

Tam : Kamala. 

Tel: Narinja, 

Kan : Sihi-kithale. 



Cherimoyer 

Annona cherimolia 

— 

Chillies 

Oapaidum annum . . 

Tam : Milakai. 

Tel ; Mirapakayalu. 
Kan: Menasuinakai. 





Mai : Mulaku. 

Sorghum 

Sorghum vidgare . . 

Tam : Cholcun. 

Tel : Jonna. 

Kan : Jola. 

Mai : Cholam. 

Hind : Jowar, 



Citron 

OUrua medAca 

Tam : Elumichai. 

Tel : Nimba. 

Kan: Limbae. 

Clusterbeans 

Cyamopaia ietragmolobat 
Taub. 

Tam : Kothu avarai. 
Tel : Qoruchikkudu. 
Mai : Chavalaikai. 

Cocoa 

Theobroma cacao . . 

.... 

Coca plant 

Brythroxylum coca 

.... 

Common millet 

Same as Proso or Hog 

.... 


millet. 


Curry leaf 

Murraya Koenigii . . 

.... 

Clove 

Bngenia caryophyUata 

• • . a 

Coconut 

Cocoa ntmfera 

Tam : Thengai. 

Tel ; Tenkay or Kob- 



bari. 



Kan: Tengu. 

Mai : Nalikeram. 



Hind : Narial. 

Cotton 

Qoaaypium spp. 

Tam ; Paruthi. 

Tel : Pratthi. 

Kan: Hatti. 

Mai : Paruti. 

Hind : Kapus. 



Coffee 

Ooffea arabica Ooffea 


robuata. 


Coriander 

Ooriandrtm aativum 

Tam: Kothumalli. 



Tel : Dhainyalu or 

Kothumeri. 



Kan: Kothambari. 

Country almond 

TenmnaUa oatappo 

Tam : Batham. 

Tel : Badam. 

Kan: Badami. 

Cowpea 

Vigna Unguacidata Linn 

Tam : Karamani. 

Vigna oatiang. 

Tel : Alsandalu. 

Kan ; Alsandae. 


Bajra (Pearl millet or Bul- 

PenniaeUm iyphoidea, 

Mai : Vellappayum* 
Tam: Cumbu, 

rush millet). 

Stapf. and BfMaird. 

Tel: 

Kan t ^jje. 
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Oomm&n name. 

Bdtaiiieal name. 

Vernacular name. 

(1) 

(2) 

(8) 

Cfustard apple 

Anona retimlata Anona 
aqumosa. 

Tam ; Roethapalam. 
Tel : Sothaphal€un. 
Kan : Seothaphala. 

Cinnamon 

Ctnnamomim zeylanicum . . 

Coohinial insect 

Dactylopius tomentostta 


Dainoha 

Seabania aculata vr, 

cannabinua. 

Tam : Tliakkaipoondu 
Tel : Joelugu. 

Date palm 

Phoenix dactylifera 

Tam : Eohan. 

Tel : Eetha. 

Dowgram 

Phaaeolua acomtifoliua 

Tam : Naripayaru 
Kallupayaru. 
Tulliliapayaru. 

Tel : Mittikelu. 

Dharbaipul 

Imperata arundinacea 

Tam : Dharbai. 

Tel : Dharba. 

Kan ; Dharbe. 

Durian 

Durio zehithinua 


Etwatkala grass 

Melinia miniUiflora 

. . . . 

Elephant grass 

Penmaeium purpureum . . 

Tam : Yanaippul. 

Tel ; Enugu gaddi. 
Kan : Anetha huUu. 

Erukkan (Tam) 

Calatropia . . 

Tam ; Erukkan. 

Falsa 

Oowia aaiatica 


Field-bean 

Dolichoa lablab 

Tam : Mochai. 

Tel : Anumulu. 

Kan : Avare. 

Mai : Mochakottai. 
Hind : Ballar. 

Fig 

Ficus carica 

Tam : Athi. 

Tel : Athi. 

Kan ; Athi. 

Oajanimma 

Citrus pennivesiculatUy 
Tqnaka. 

Oanja plant . . 

Cannabis saliva 

Tam : Ganja. 

Tel : Ganja. 

Kan : Ganja. 

Garlic 

Allium sativum 

Tam : Vellaipoondu. 
Tel riToIlagadda, 

Kan : BellulJi. 

Giant star grass 

Cynadon plectostachyum . . 

Ginger 

Zingiber officinale. Rose. . . 

Tam ; Inji. 

Tel : Allamu. 

Kan : Alla. 

Mai ; Inji. 

Gingelly 

Seaamum indicum Linn . . 

Tam : EUu. 

Tel : NuwuJu. 

Kan : Yallu. 

Mai ; Ellu. 

Hind ! Tik 

Gooseberry (Indian) (Othe. 

Phylanthua emblica Phy- 

Tam : Nellikkai. 

ite). 

lanthiu diatichua. 

Tel : Usirikayi. 

Kan : Nellikkayi. 

Mai : NeUi. 

Grapefruit .. 

Citrua paradiai 

Hind : Amla. 

Grape 

A.M.^104a 

Vitia vinifera 

Tam : Drakshai 
Kodimunthiri. 

Tel : Draksha. 

Kan : Drakshi. 

Mai : Muntliiri. 
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Common naiM^ 

BcfktfUcalname, 

Vemaoutar name. 

(1) 

(2) 

(8) 

Greengraan • . 

• . Phaaeolur radicUua 

Tam: Pwipayaru. 
Tel: Pacha pesalu. 
Kan: Hesara. 

Mai : Cherupayaru. 
Hind : Hung. 

Groundnut • . 

.. Arachia hypogaea .. 

Tam : Nilakadalai. 

Verkadalai. 

Tel : Versanagalu. 
Kan: Nelagadale. 

Mai: Nilal^atcda. 
Hind ; Vilayetimung ; 
Mung-phali. 

Guava 

• . Paidium guajava . . 

Tam ; Koyyah, 

Tel : Jcuna. 

Kan: Sabe. 

Guinea grass 

. . Panicum maximum 

Tam : Guineapul. 

Tel : Guinea gaddi. 
Kan: Guinea hullu. 

Gurrapu gaddi 

. • ChUjfia barhaia 

.... 

Golden crown grass 

. . Paapalum dilakUum 

.... 

Gold Mohar . . 

• . Ddonix regia 

.... 

Hemp pl€uit . . 

. . Cannabia aativa 

.... 

Henbane « . 

. . Hyoocyamua muticua 

.... 

Hill guava . 

. . Rhodomyrtua tomentoaa . . 

Tam : Malaigova or 
Koyya. 

Tel : Konda iami. 

Kan ; Bettatha sebe. 

Horsegram . . 

. • Dolichoa bifiorua • . 

Tam : Kollu. 

Tel ; Ulavalu. 

Kan : Huruli. 

Mai : Muthira. 

niuppai 

. • Baaaia spp. 

Tam : Illuppai. 

Indian hemp (Ganja) 

. . Cannabis aativa 

Tam : Ganja. 

Tel: Ganja or Gcmjaya 
or Bangiaku. 

Indigo 

. . Indigojera anil aumatrana. 

Tam : Nili or Avuri. 
Tel : Nili. 

Kan: Nih. 

Ipecacuanha 

. • Cephadia ipecacuanha 

.... 

Irungu cholam 

. . Sorghum dochna . . 

Tam : Erungu cholam. 
Tel : Irungu jonna. 
Kan ; Irungu jola. 

Italian millet 

. . Setaria ikdica 

Tam ; Tenai. 

Tel ; Korralu. 

Kan: Navane. 

Mai : Tena. 

Hind: Kangoone. 

Indian goosebeny . . 

• • PhyUanihua emblica 

• • • • 

J'ack • • • . • . 

• • Artooarpua inUgrifoUa 

Tam: Pela. 

Tel ; Panasa. 

Kan: Halasu. 

Mai : Plavu. 

Jalap 

• . Ipomoeapurga 

• ••• 

Jamberi 

.. Ciirua jambhiri 

Tam : Kattu Elumi* 
ohai. 

Jaamine 

• • JaanUmim spp 

Tam : Malligai. 

Tel: Malli. 


i JUkcaui* 

Kan: MalUge* 
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Common name. 

Botandoal name. 

Vernacular name. 

(1) 

(2) 

(3) 

Jujube 

ZUtyphita jujaba •• 

T€un : Elanthai. 


Tel ; Regu. 

Kan : Bori. 


Jute— Bengal jute . . 

f Corchorua oUtorius 

Tam : Sannal. 

\Corchorw capsularia .• 

Tel : Naragogu, 

Jute — ^Bhimilipataxn jute . . 

Hibiacua cannabinua • • 

Kan : Pundi. 

Mai : Chanam. 

Kadaipul 

Tragua racemoaua 

— 

Kapok 

Eriodendron penSandrum .. 

Tam : Elavan. 

Tel ; Bungu doodi. 

Kaki weed 

Karungaimi cotton . • 

AUemanthera ecMnaia 
Ooaaypium arhorium oar. 

Tam : Karunganni 

negUctum Forma India, 

paruthy. 

Tel: Karunganni. 




patti. 

Kan: Karunganni- 



hathi. 

Kanunpul 

Panicum coUmum •« 

.... 

Karu gaddi 

Andropogon pertuaua. Wind, 

• • • • 

Khatta 

Citma aurantium Tanaka, 

Tam : Aranju, 

Kiohili . . . . . , 

Citrua madraapatna 

Tam : Kamala. 

Kiluwai (Tam) 

Commephora berri , , 

Tam : Mulkiluvai. 

Kikiya grasa , . • • 

Penniaetum clandeatinum. 

• • • • 

Kodo millet . . • • « • 

Paapalum acrobiculatum , , 

Tam : Varagu, 

Tel : Arika. 

Kan : Haraka. 

Hind : Kodra. 



Kollaganjeru • . 

Kolckkattai grass * • 

Ipomoea hiapida • . 
Cenchrua ciliariap Cenchrua 

Tam : Kolakattai pull. 

aetigerua. 

Kan; Kolakattai 



hullu. 

Kolinji 

Tephroaia purpurea 

Tam ; Kolinji. 

Tel : Vempali. 

Korai 

Cyperua rotundua . . • • 

.... 

Korralu 

See Italian millet • • 

.... 

Korali . . • • 

Solaria paUidifuaca Stapf 




and Hubbard, 


Kudzu vine 

Pueraria thumbergiana^ 




Pueraria phoaeotoidea, 
Pueraria hirauta. 


Kundara gaddi 

lachaenum piloaum • • 

.... 

Kumquat 

Fortundla spp. • • • • 

.... 

Lablab 

Dolichoa lablab 

Tam : Mochai : Ava- 



rai. 



Tel : Anumulu. 

Kan : Avare, 

Mai : Avara. 

Ladies finger 

Hibiacua eaculantua 

Tam : Vendai. 

Tel : Bendi. 

Kan : Bende. 

Mai : Venda. 

Longsat • • • • 

Lenaium cMnenaia 

.... 

Lemon 

Citrua limon 

Tam : Kodi elunai- 



cbai. 



Tel : Nimma. 

Kan ; Nimbe. 

Mai $ Naranga. 
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Oimmon name. 

Bakmoctt name. 

Vernacular name. 

ii) 

(2) 

(8) 

Lentil . 

. .. . Lena eaculenta 

‘ . 

Lime . . . . . . 

. . CUma auranUfolia 

Tam : Elumiohai. 

Tel: Nimma. 



Kan : Limbe. 

Linseed 

\ . Linum utikUiaaimum 

Tam : Alivirai, 

T^ ; Avisi. 

Litohi 

. . Litchi chinenaia 

• • • • 

Little rice 

^ . Chmopodium guinea 

.... 

Little millet . . 

. . Pameum miliare . . 

Tam: Samai. 

Tel: Sama. 

Kan: Sane. 

Mai: Sama. 

Hind: Shaiiao. 

Loquat . • • • 

• • EHohotrya japonioa • • 

m , • • 

Lucerne . . • • 

. . Medicago aativa 

Tam : Kuthirai masal. 
Tel: Gurrapu masala. 

Lupin 

. . Lupinua spp. 

.... 

Maize 

. . Zea mays 

Tam: Makkaoholam. 
Tel: Mokka Jonnalu. 
Kan: Muskinjola. 

Mai: Makkaoholam. 
Hind: Butta. 

Mango 

. . Mangifera indica . • 

Tain: Mamaram and 
* Mambazham. 

Tel: Mamidipandu. 
Kan: Mavu. 

Mai: Manga. 

Mangoateen . . 

. . Carcinia mangoatana 

.... 

Manjan pul . . 

Cgmbopogon cohreOua 

.... 

Marotti 

. . Hydrocarpua tvighiana 

.... 

Mulberry 

. . Morua spp. 

Tam : Musakkottai. 

Musk melon . . 

. . Cucumia melo 

Tel: Karbuza. 

Kan: Karbuza hannu. 

Mandarin 

. . Citrua reticulata 

.... 

Mint 

W Mentha viridea 

.... 

Nadam cotton 

. . Ooaaypium arboreum typi- 
cum. 

Tam: Nadan paruthy. 
TeF: Nadam pathi. 
Kan: Nadam hatti. 

Manabalu gaddi 

. . Andropogon foeveolatua Del, 

. • » • 

Napier graas . . 

Penniaetwn purpureum 
Schum. 

Tam: Napier pul. 

Tel: Napier gaddi. 
Kan: Napier huUu. 

Neem . . • • 

* .* Atadirachta indica 

Tam: Veppan. 


Sehima nervoaum .. 

Tel : Vepa. 

Kan: Bevu. 

Mai: Veppu. 

Nendra gaddi 

• see 

Niger . . 

. . Quizotia ahyaainioa 

Tam: Peyellu. 

Tel: Veerrinuwulu. 
Kan : HueheUu. 

Nut grass 

.. Oyperua roiundua .. 

• . • • 

Nutmeg 

MyriaUcafragrana 

• • • • 

Oats 

AvenaaaUva •. 

* * * . • * 

Omum (Bishops’ weed) 

• • Cammcopticum •• •• 

Tam: Omum. 

Tel: Omarnu. 


Kan: 0mm, 
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• Oofnmon name. 

BoUmicdl name. 

Vernacular name. 

(1) 

(2) 

(3) 

Onion 

. . AlHvm upa 

. . Tam : Vengayam. 

»r«.l . Tni.* - 


Tel: UUigadda. 
Kan : NeeruUi. 
Mai : Ulli. 


Orange 

. . Citrue dneneia 

, . Tam : Orange. 



Tel : Narinja. 
Kan ; Kithale. 

Oil palm 

, , Elaeia guineeneia , , 

. . .... 

Otheite gooaebeirjr . . 

.. PhyUanthua diaUchua 

* • .... 

Paddy . . ... 

. . Oryza aativa 

. . Tam : Nellu. 


Tel : Vadlu. 
Kan: Bhatta. 
Mai : Nellu. 
Hin: Dhan. 


Papaya •• 

• . OaHea papaya 

Tam: Pappali. 

Tel: Boppayi. 
Kan: Parangi. 
Hal: Kappalanga^ 

Palmyrah 

• • Boraaaua flabaUifer 

Tam: Panai. 

Tel; Thati. 

Kan: Tala. 



Mai: Pana. 

Pamparapanas , . 

.. Ciirua paradiai 


Panivaragu . . 

, , See Proao or hog miUet, 


Pandibellagaddi 

. « Andropogon contortua 

.... 

Paealon fruit 

, , Paaaifiora edulia and Tacao- 
nia rnoUiaima, 

.... 

Peach 

, . Prunua Peraica 

.... 

Pear 

. . Pyrualcommunia 

.... 

Pepper 

. . Piper nigrum 

Tam : Milagu. 

Tel : Miriyalu, 

Kan : Menasu. 

Mai : Kurumulaku. 

Pedda Oobagaddi . . 

. , Ariatida hyatrix Linn 

Peas 

, , Piaum aativum 

Tam : Pattani. 

Tel: Batani. 

Kan: Batani. 

Persimmon . . 

Dioapyroa Kaki 

Phalsa 

. Orewia aaiatica 


Pillipesara 

Phaaeolua trilobua ,, 

Kan ; Sannahesum. 

Pineapple 

Ananaa aaiivua 

Tel: Anasa. 

Kan; Ananasn. 
Mai; Kadaoha. 

Pinnai 

, . CahphyUum inophyllum , , 

Plantain 

Muaa paradiaiaoa . . 

Tam: Vazhai. 


Muaa aapientum . . 

Tel; Arati. 

Kan: Bale. 

Mai : Pazham, 

Pmnmelo 

. . Citrua grandia 

Tam : Papljmas. 
Tel: Pampara 

Pomegranate 

.. Punioa grancdum .. 

Panasa, 

Tam : Mathulai. 

Tel : Danimma, 

Kan : Dalimbe. 

Potato 

, . Solanum iuberoaum 

Tam : Urulaik- 


kizhangu. 

Tel: Un3agadda. 
Kan: Alugadde. 

Mai: UnUakkia^fOt 
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Common name. 

BotanieaH name. 

Vamaetdairname, 

m 

(2) 

m 

Poovnlu gaddi 

EragreaHa hifaria .. 

• • • • 

Prioklypear . . 

. . Opimtia dilUnii 

Tam: Sappathikalli. 

Plum 

, , Prunua aalioina . • 

...• 

Proso OP hog millet . . 

. . Panicum rrnUaeeitm 

Tam: Panivaraga. 
Tel: Variga. 

Kan: Bcuragu. 

Hin; Barri. 

Pungam 

, , Pimgamia glabra . . 

Tel: Kanuga. 

Pummelo 

.. OUma grandia 

Tel: Pampara 

Panaea, 

Mai: Kambilinaranga. 

Pulichai cotton 

, , Arboretum Var, negleotum 
forma bengalenaia. 

— 

Pyrethrum . . 

, , Chryaantihemum oocdneum. 

.... 

Peppermint . . 

, , Mentha pipercOa ,, 

.... 

Ragi (Finger millet) 

, . Eleuaine coracana ,, 

Tam: Kezhvaragu or 


Tel : Kagi or ohollu or 
Thaidalu. 

Kan; Ragi. 

Mai; Mn&ari. 

Hin; MandwaRagi. 


Rape 

. . Braaaica spp. 

,, .... 

Rambutan . . 

. . NepheUnum lappaceium 

» • • « • • 

Ratan cane . . 

, , Calamua Rotang , , 

# • • • • • 

Ramaphal 

, , Annona r^icukOa , , 

• . .... 

Redgram 

, . Oajanua cajan 

.. Tam: Tuvarar. 

Tel: Kandidu. 

Kan: Thogare. 

Mai: Tuvara. 

Rhodes grass 

, , Ohhria guayana • • 

. . .... 

Rice . . 

, . Oryza aativa 

. . Tam ; Nellu. 

Tel: Vadlu. 

Kan: Bhatta. 

Mai ; NeUu. 



Hin: Dhan. 

Rose apple . . 

. . Eugenia jamboa 

i • • • • • 

Rubber 

. . Hevea braaienaia . . 

. . .... 

Ramnus purshiana . . 

. . Caacara aagrada • , 

. . .... 

Red oil palm 

. , Elacia guineeniaia , , 

. . .... 

Safflower 

CaHhamua Hnetoriua 

Tam ! Kusumbavirai. 
Tel: Kusumbalu. 

Kan: Kusuma. 

Sajja 

, . Same ae oumbu. 


Sago pahn . . 

Arenga aacchaHfera 

Tam: Eeohan. 

Sapota 

Achraa aapota 

. . Tam : Sapota. 

Tel: Sapota. 

Kan: Sapota. 

Samai (Tam.) 

. • Bee Little millet. 

«... 

Samba wheat 

. . Triticum dicocoum 

Tam : Samba gothu* 
mai. 

Seethaphal . . 

. . Anona aquamoaa . . 

.. Tel: Seethaphala. 
Kan: Seethaphal. 

Senna 

. • Caaaia anguatifoUa 

. . Tam ; Surat Nilaviial 
or Nilavakai. 


Tel; Nela aoagedUt 
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name. Botanical name. 

( 1 ) 

Singharae TrajMbiopinota .. 

Silver oak Orevittea rOnuita .. 


Soyabean 

Sour orange . . 

Sorghum 

Spear grass . . 

, . Olydne mox 
. . CUrua aurantium . . 

, . See Cholam. 

. . Heteropogon contortua 

Strawberry . . 

S trawberry guava . . 
Star apple . . 
Subterranean clover 
Sudan grass . . 
Sugarcane . . • • 

. . Fragaria veaca 
, . Paidiutn ccUtleianum 
. . Chryaophyllum Cainito 
. . Trifolium auhterraueaum 
. . Sorghum audanenae 
. . Saccha/rum offleinarum 

Sunflower 

. . Helianlhua annua . . 

Sunnhemp . . 

. . Crotalaria Juncea . , 

Sanwa millet 

. . Panicum cruagalli, var, 
Frumentaceum, 

Soursop 

Stink grass . . 

Sweet orange 

. . Anruma muricata . . 

. . Melinia minutiflora 
, . Citrua cinenaia 

Sweet potato 

, . Ipomaea batataa , , 


Vemaeidar name, 

( 3 ) 


Tam : Malaichamikku 
Mai : Vellimaj*am, 

Kan : Huli kithale. 


T€im : Kosipullu. 

Tel ; Pandibellam. 
Kan : Sunkari huUu. 


Tam : Kanimbu. 
Tel : Cheruku* 

Kan : Kabbu. 

Mai : Karimbn, 
Hin; Ganna. 

Tam : Suiyakanthi. 
Tel : Suryakanthi. 
Kan; Suiyakantlid. 
Mai : Suiyakanthi. 
Tam ; Sanappu. 

Tel : J anumu. 

Tam : Kudiraivali. 
Tel : Oodalu. 


Tam : Enippu orangi. 
Tel; Battayi. 

Mai : Madhura 
naranga. 

Tam: Sarkaraividli. 
Tel ; Genaeu gadda. 
Kan : Genasu. 

Mai : Madhura* 
kizhangu. 


Tapioca • # 

, . Manihot utiliaaima 

Tam : Maravelli. 

Tel ; Kama pendalam. 
Kan : Maragenasu. 

Mai : Marakizhangu. 

Tangedu 

. , Caaaia auriculata . . 

Tel: Tangedu. 

Kan : Tangedi. 

Tea 

, . Camdia thea 

Tam; Theyilai. 

Mfd: Chaya. 

Tenai 

, , See Italian millet. 

. . 

Teosinte 

« , EucMaena mexicana 

• • 

Thamarai 

. . Nelumbium apeciosum 

Tam : Thamarai. 

Mai : Thamara. 

Thin Napier grass . . 

. , Penniaetum polyatachyon , . 

.... 

Tinnelvelly senna . . 

, . Caaaia anguatifolia 

Tam; Nilavarai. 

Tomato 

. • Lyooperaicum eactilenhim 
Mitt, 

Tam : Thakkali. 

Tel : Seema vanga, 
Kan : Takkali or 
Seema badane^ 
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Oommon nqme. 

Botaniccd name. 

.Vernacular name. 

(1) 

(2) 

{») 

Tobacco . . 

. Nicoiiana Tabaeum and 
Nicotiana Rustica, 

Tam: Fogailai. 

Tel : Pogakau, 

Kan: Hogesoppu. 
Mai: Pogaila* 

Hin: Tamakku. 

Tree tomato . . 

, , Oyphomandra betaeca 

Tfun: Mara thakkali. 

Turmeric 

. . Curcuma longa 

Tam: Manjal. 

Tel: Pasupm 

Kan: Arasina. 

Turnips 

Brassica campestria 

.... 

Tung oil tree 

, . AUuritea fordii 

.... 

Uppam cotton (Tam.) 

. . Qoaaypium herhaceum 

Tam : Uppam paruthi. 
Tel: Uppam pathi. 
Kan : U^ppam hathi. 

Varagu 

, . See Kodo millet 

.... 

Variga 

, , See Proso or hog millet. . • 

f . . • 

Vasambu 

Acorua catamua 

.... 

Vempali 

. . Tephroaia purpurea 

Kan : Kadu neeli. 

Velam Pasi . . 

. . Ceratophyllum demuraum. 

Tam : Velampaai. 

Venezuela 

. . Melinia minutiflora 

.... 

Vanilla 

, , Vanilla planifolia . . 

.... 

Walnut 

. . JugiUana regia 

.... 

Wattle 

. . Acacia decurrena . . 

Tam : Malaiohorrtkku. 

Water melon 

. . CitruUua vulgaria . . 

Tam : Dharbusini. 

Water chestnut 

. . Trapa biabinoaa 

.... 

Water Hyacinth 

. . Eichhorinia apecioaa 

Tam: Nerthamarah 

Tel : Neeti tamara. 
Mai: Kulavazhia. 

Wheat 

, . Tritioum spp 

Tam: Ck>dumai. 


„ vulgare . . 

Tel : Qodumalu. 

Kan: Godhi. 

Mai: Godambu. 

wad date . . 

. . Phoenix aylvastria . . 

• • • • 

Woodapple . . 

. . Peronia eHephantum 

Tam: Vialambalam. 

Water grass . . 

. . BraMaria muiica ,, 

• • • • 

Yentrakayalugaddi . . 

, , lachaemum Rugoaum Saliab, 

• • • a 

Ziziphus «• ' 

. • Ziziphms Jufuba . • 

Tam: Elandhai. 

Tel: Regu. 

Kani B^e. 


GLOSSARY OF PESTS AND DISEASES OP CROPS. 

Oommon name of peat or disease^ 8cientiflc name of pest or name of 

causatwe agent of disease, 

( 1 ) ( 2 ) 

PestB of rioe— ' 

Swarming oateorpillar of rice . . . . Spodoptera maurUiaf B* 

King crow . . . . Dicrurus macrocareus; 

(Common crow . . . . . . • . Oorvus spUndena, 

Jungle crow Oortni# maerorhynchos, 

CatUe egret Bubulms ibis, 

Paddy bird * , ArdebktgrayH, 
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Common name of peet or disease, 

( 1 ) 

P60ts of rioe-— oonl. 

Water hen (white breasted) . . 
Common mynah 
Bice grass hopper 

Indian roller 

Brahmini kite . . 

Pariah kite 
Common water snake. 

Rice bug. 

Climbing cut worm of rice 
Bice hispa 
Spotted rice jassid 
Striped bug of rice 

Bice thrips 

Lesser grass hopper of rice 
Indian wren warbler . . 

Rice stem borer 
Bice case worm 
Rice mealy bug 

Rice gall fly 

Mole rat 

Gorbil or Antelope rat. . 

Grass rat 

pests of sorghum — 

Sorghum ear head bug 
Deccan grass hopper. 

Millet grass hopper 
Sorghum fly 
Sorghum stem borer . . 

Sorghum mite. 

Peats of ragi — 

Ragi pink borer 
Ragi white borer 
Ragi root aphis 

Pests of redgram — 

Gram caterpillar 
Redgram plume moth 
Sweet potato sphjmx . . 

Pests of vegetables — 

Brinjal l^tle 

Fruit borer 

Bud worm 

Bhendai jassid 

Chillies thrips 

Garlic and onion thrips 

Cabbage borer 

Diamond back moth . . 

Mustard saw fly 
Pumpkin caterpillar 
Snake gourd semilooper 
Pumpkin beetle 


Fruit fly 

Lablab bug 

Podborer caterpillar . . 

Plant lice 

Lady bird beetle 
Sweet potato weevil . . 

Potato tuber moth « • . ^ 


Scientific name of pest or name of 
causaHve agent of disease, 

( 2 ) 

Amawromia phaenicurua. 

Acridotherea Pritia, 

Hieroglyphua banian. 

Coraciaa bengkalenaia, 

Haliaater indua. 

MiUrua migrana, 

Tropidonotua piacator, 

Leptocoriaa acuta. 

Cirphis albistigma. 

Hispa armigera. 

Nephotettix bijmnctatua. 

Tetroda histeroides. 

Thrips oryzae. 

Oxya velox. 

Prinia inomata. 

Schoenobius incertuUua, 

Nymphula depunctalis. 

Biperaia oryzae, 

Pachydiplosis oryzae. 

Qunomys kok. 

Tatera cuvieri. 

MiUardia meUada. 


Calocoris anguatatus. 
Colemania aphenarioidea. 
Hieroglyphua nigrorepletua. 
Atherigona indica, 

Chilo zoneUua. 
Paratetranychua indicus. 

Seaamia inferena. 

Saluria inficita. 

Tetraneura hirauta. 


Holiothia obaoleta. 

Exelaatea atomoaa 
Herae convolvuli, 

Epilachna spp. 

Leudnodea orboncdia. 
Phthorimoea blapaigona. 
Empoaaca devastana, 
Scirtothripa doraalta, 
Heliothripa indicua. 

Thrips tabaci. 

HeUula undalia. 

Pluteila maculipennia. 
Athalia proximo. 
Margaronia indica. 

Plusia peponis. 
Avdacophora foveicoUia. 
Aulacophora atripennia, 
Aulacophora atevenai. 

Dacus sp. chaeiodacus sp. 
Coptosoma cribraria. 
Adisura atkinsoni. 

Aphis medicagenis. 
ChUomenea aexmaculata. 
Cylas formicarius. 
Onoriinoseherna opercukOa^ 
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Common name oj peat or diaeaae. 

( 1 ) 

Pests of xnango— 

Mango hopper 

Mango stem borer beetle 
Mango shoot webber . . 

Red ant 

Castor slug 

Pests of fruit trees — 

Orange borer 

Fruit sucking moth 

Citrus butterfly 
Berfruit fly 
Sapota leaf webber 
Grapevine flee beetle . . 
Pomegranate butterfly 
Cockchafer beetle 
Cashew thrips . . 

Cashew bug 
Wax scale 
Wild silk moth 
Cashew cerambycids . . 

Pests of sugarcane — 

Early shoot borer 
Cane borer 

Top borer . . 

Cane leaf hopper 

Cane grass hopper 
Pests of cotton.— 

Spotted boll worms 

Pink boll worm 

Stem weevil 

Cotton jassid 
Cotton aphis 

Pests of coconut — 

Black headed caterpillar 
Rhinoceros beetle 

Red palm weevil 

Indian rat 

Pests of groundnut — 

Red hairy caterpillcu? . . 

Groundnut surulpoochi. 

Groundnut aphid 

Pests of castor — 

Castor semilooper 

Castor shoot and seed borer . . 

Castor mite 

Pests of other crops and benefioial 
insects — 

Betelvine bug 

Agathi weevil . . 

Tobacco caterpillar 

Ragi leaf noctuid 
Tobacco root bug 
Coffee white borer, 

PoUu beetle of pepper 

Pepper scale 

Cardamom thrips , • , • , . 


ScienUflc name of peat or name 
caauaUve agent of tUaeaae, 

( 2 ) 

Idioomia nvoeoapwraua* 

Idiocerua atJUnaoM. 

Idiocerua dypedlia, 

Batocera ruhua, 

Orthaga exvinacea, 

OecophyUa amaragdina^ 

Paraaa lepida, 

Chelidomvm dnctitm, 

Chloridolum atcamene, 

Ophiderea fuUonica, 

Ophiderea maiema^ 

Papilio demoleua, 

Oarpomyia veauviana, 

Nephopteryx eugraphaUa, 

Scelodonta atrigicoUia, 

Virachola iaocratea, 

MdoUmthidae, 

Seknothripa mhrocinctua, 

HdopeUia arvUmii. 

Ceroplaatea floridenaia, 

Cricula trifeneatrata. 

Plocaederua ferrugineua, 

Plocaederua conaoeiua. 

Argyria aticticraapia^ 

Diatroea {Proceroa) venoaata 
Scirpoph^a sp. 

PyriUa perpnaUla. 

Hieroglyphua banian* 

Eartaa inaulana. 

Eariaafabia, 

Platyedra goaaypieUa, 

Pempherulua affinia, 

Empoaaca devaatena, 

Aphia goaaypii, 

Nephantia aerinopa, 

Oryctea rhinoceroa, 

Kfvynehophoma ferrugineua* 

Rattua rattua wroughloni, 

Amaacta albiatriga, 

Stomopteryn nerteria. 

Aphia labumdi, 

Achoea janaia, 

Dichncrocia puncHferalia* 

Tetranychua ielariua. 


Diaphinctua poUtua, 
Alddea bubo. 

Prodenia litwra, 
Laphygma exigua, 
Stibaropua tabukUua, 
Xylotrechua quadripea, 
Longitoraua nigripennia, 
Lepidoaaphea piperia^ 
TaenoUh/ripa eardgmomi* 



CttiOSdAEV 


Common name oj peat or dieeaee. 

( 1 ) 

Pests of other crops and beneficial 
insects — oonu 

Domestic fly 

Cattle fly 

Cottony cushion scale or Fluted scale. 
Apple woolly aphis 
Cochineal insect 

Bootgall eelworm 

Coffee stem borer 

Coffee berry borer 

Bock bee 
Indian bee 
Wax moth 
Black ant 
Bee hunter wasp 
Mulberry silk worm 
Eri silk worm . . 

Tassar and Muga silk worms 

Pests of stored products — 

Bice weevil 
Bice borer beetle 
Bed grain beetle 
Pulse beetle 
Bice moth 
Fig moth 

House rat 

Cheroot beetle . . 

Scolytid beetle . . 

Diseases of rice — 

Blast 

Footrot 
Stemrot or 
Sclerotial disease 

False smut 

Ooodhubathi disecuie . . 

Bootrot 

Diseases of sorghum — 

Grain smut 

Loose smut 

Head smut 
Long smut 

Downy mildew or Leaf shredding 
disease. 

Bust 

Anthracnose 

Leaf spot 

Leiff stripe 

Bacterial leaf spot 

Sooty blotch 

Sugary disease 

Twist^ top 

Mosaic 

Diseases of ragi — 

Blast 

Blight 

Footrot 


I4dd 

Scientific name of peat or name of 
causative agent of disease. 

( 2 ) 


Muaca nebulo. 

Stomoxys catcitrana. 
Icerya purckaai Mask. 
Erioaoma lanigera. 
Dactylopiua tomentoavs. 
Hetetodera marioni. 
Xylotrechus qtujdripee. 
Stephenoderoa hampei. 
Apia doraata, 

Apia indica. 

Qalleria mellonella, 
Camponotua compreaaua. 
Palarua orientalis. 
Bomhyx mori, 

Attacua ricini. 

Antheroea papkia, 
Antheroea aaaama. 


Sitophilus oryzae. 
Rhizoperiha dominica. 
Triholium caataneum, 
Bruchua spp. 

Corcyra cephalonica. 
Ephestia cautdla. 

Rattus rattua rufeacena. 
Lasioderma aerricomii. 
Coccotrypea dactyliperda. 


Piricularia oryzav, 

Fvsarium nwnilifomia var, magua* 
Sderotium oryzae atxd 
Helminthoaporium aigmoideum. 
Ustilaginoide virens. 

Balansia oryzae. 

Ephelis oryzae. 

Pythium sp. 


Sphacelothcca aorghi. 
Sphacelotheca cruenta. 
Spacelotheca reiliana. 
Tolypoaporium ehrenbergii. 
Sderoapora aorghi. 

Puccinia purpurea. 
Colletotrichum graminicolum. 
Cercoapora aorghi. 
Hdminthoaporium turcicum. 
Bacillus hdci. 

RamuXiapora aorghi. 
Sphacelia aorghi. 

Fuaarium moniliforme. 
Sacharum virua 1 . 


Piricularia sp. 

Hdminthoaporium noduloaum. 
Sderotium rolfaii. 



llkK) otossAuir 


name ofpee$ or disease, 

( 1 ) 

Diseases of bajrar— 

Bust 
Greenear 
Smut 
Top rot . . 

Diseases of setaria — 

Smut 

Bust 

Green ear 

Blast 

Diseases of varagu — 

Smut 

Diseases of wheat — 

Black rust 
Yellow rust 
Brown rust 

Diseases of sugarcane — 

Bod rot . . 

Smut . . 

Pineapple disease 
Top rot . . 

Mosaic . . 

Diseases of cotton — 

Boot rot 

Wilt 

Boll rot and seedling blight . . 
Areolate mildew 

Leaf spot 

Black arm 

Diseases of groundnut — 

Tikka disease or 
Leaf spot 
Boot rot 

Clump disease . . 

Diseases of redgram — 

Wilt 

Diseases of horsegram — 

Boot rot 


Diseases of coconut — 
Budrot 

Stem bleeding .. 

Diseases of areca — 
Mahali or Koleroga 
Wilt 

Stem bleeding .. 

Pepper diseases — 
Pollu or root rot 

wat 

Stump rot 


Scientific name of peat or name of 
causative agent of disease. 

( 2 ) 

Pucdnia penniseti. 

Sderospora graminicola, ^ 
Tolyposporium penioiUariae* 
Fusatium moniliforme» 


UstUago crameri. 
Uromyces 8*itariae, 
Sderospora graminicola, 
Piricularia setariae. 


Sorosporium paapali. 

Puccinia graminis tritici, 
Puccinia glamarum, 
Puccinia triticira. 


Phyaatosap^a tucumanensis. 
UstUago scitaminea. 
CeratostomeUa paradoaa. 
Fusariwm moniUforme. 
OihbereUa fujikuroi. 
Sacchrum virus 1. 


Phizoctonia bcUaticola. 
Macrophomina phaseoli, 
Fusarium vaainfectum. 
CoUetotrichfim capaici. 
Mycoaphaerella areola. 
Ramularia areola. 
Altemaria macroapora. 
Xanthomonaa malvacearum. 


Cercoapora peraonata. 
Mycoaphaerella berkdeyi. 
Macrophomina phaseoli, 
RhizocUmia bataticola. 
Arachis virus 1. 


Fusarium udum. 


RhizocUmia bataticola. 
Maorosphomina phaseoli. 

Phytophthora palmivora. 
CeratostomeUa pai^adoxa. 


Phytophthora palmivora. 
Oanoderma luddum. 
CeratostomeUa parodoxa. 


Dijdodia sp. CoUeUdrichum neeatoft 
Pythium sp. 

Rhizoctonia sokmi. 

Bosettima bunodes. 
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Common ncme of peat or diaeaae. 

(4 

DiBeaaes of chillies— 

Fruit rot 
Broom rape 
Damping off 
Black shank 

Diseases of citrus — 

Water injury . . 


Leaf fall cmd fruit rot 

Disease of banana — 

Panama disease or Wilt 

Diseases of grapevine — 

Downy mildew 
Powdery mildew 

Bird’s eye disease or Anthracnose . . 

Diseases of other crops — 

Casuarina wilt . . 

. Rubber leaf fall 

Rubber powdery mildew 

Rubber root disease . . 


Coffee rust or leaf disease 
Coffee koleroga or Black rot . . 
Coffee brown blight 

Tea blister blight 


SderUiflc name of peat or ncme of 
cauacUive agent of diaeaae. 

( 2 ) 

CoUetotri capaid, 

Orabanche cemua. 

Pythium aphanidermatim, 
Phytophthora palmivora, 

Diplodia sp. 

Sporocybe hybrida. 

HaploaporeUa sp. 

Phytophthora palmivora. 

Fuaarium oxyaporum var. cubenae. 

Plaamopara viticola. 

Uncinula necator. 

Elainoe ampelina. 

Trichoaporium veaicvloaum. 
Phytophthora palmivora. 

Odium heveae. 

Odium reneae. 

Botryo-diplodia theobromae. 

Fomea noxiua. 

UatUina zonata. 

Roadlinia sp. 

HemUeia vaatatrix. 

PeUicularia koleroga. 

OlomereUa cingulata. 

CoUetotrichum cojfearum. 
Exobasidium vexana. 








APPENDIX II. 

shotring total area of the districts according to the different classifications (1948-49). 
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APPENDIX in. 


Statement shomng number and namee of taluke and 
number of viUagea in each dietriet. 


( 1 ) 

troftb 


Soatli VlnkhApatiiam 


Sait GodiTtri 


WaitOodawl 


Total numbar of 
TUlaAM 

Taluks. MHbiiSaicy and prop* 

rlotaiyvOla^ 

( 2 ) ( 8 ) 

1 Srlkaknlam* 884 

2 TekkaU 888 

8 Patapatnam * 460 

4 Sompeta 821 

6 lohapur 61 

OPalakonda* 868 

7 Parvatipur • 488 

8 BobbUi 248 

9 Ghlpurapalli 807 

Total .. 8,780 


. 1 Sarvasiddhi* 

2 OoJugonda* 

8 Gudem 

4Viravllli* 

6 Anakapalle * 

6 Visakhapatnam 

7 Bimilipatam 

8 Srungavaiapukota . . 

0 Vliianagaram * 

10 Salur 

Total 

Total for the whole district 


1,708 

M88 


PlaiM, 

1 Bamachaodrapuram * 

2 Amalapuzam ^ 

8 Baide^ 

4 Balahmnndry * 

5 Peddapuram * 

6 Kakinada • 

7 Pithapuram 

8 Tunl 

Total 

Agency, 

1 YeUavaratn 

2 Chodavaram 

8 Polayaram . . 

4 Bhadrachalam 
6 Nugur 

Total 

1 Karaiapur* 

2 Tauukn * 

8 Bhimayaiam * 

4 Tadepamgudem 

6 Bluru^ 

8 Koyyur 

7 Ohtntapudl 


848 


882 

276 

140 

828 

160 


88 

108 

90 

Hi 

117 

110 


Total 


768 


Kriahaa 


1 116 

aCtadlvada* iS 

4Kaikalur« .. ^ 

6 OMumayaram* 110 

6 YUapavada • HO 

•• •• W 

5 80 

9 Kiunrid $$ 

Total .. ijo44 


* TUuka pniftfed with addlttonal kfiteidtiiial d 




Gnntiuf 


Kvrtool 


BflUiff 


AMBtapnr 


CnddaiMh 


K«l]fm 


imi 


appendix hi— con«. 


Statement skotving n/Umber and names df taluks and 
number t>f villages in each districin^cont. 


JHMbt 

( 1 ) 


Talaks. 


( 2 ) 


1 Ongole* 

2 Bapatla * . . 

8 Tenall* 

4 Bepalle ^ 

6 OiiQtor* 

6 Sattenapalle 

7 Narasaraopet 

8 Vinnkonda . . 

9 Palnad 


Total 


Total number of 
vilUises excluding 
tributary and prop* 
rietary villagea. 
(S) 

176 

111 

91 

60 

125 

125 

114 

77 

98 

982 


1 Pattikonda . , 

2 Dbone 

8 Eurnool * 

4 Eandikotkur * 
6 Eandyal* 

6 EoUkuntla . 

7 Slrvel 

8 Cumbum 

9 Markapur* . 


1 Bellary • 

2 Sirugnppa* 
8 Bayadiuff 

4 Adoni* 

5 Alur . . 

6 Hospet^ 


7 Ha _ 

8 Harpanahalli 
9 Ku^i5* 


1 Anantapur* 

2 Ealyandrug . . 
8 -Qooty • 

4 Tadpatri 
6 Bharmayaram 

6 Eadirl * 

7 Penukonda .. 

8 Hlndupur* .. 

9 Madakaeira . . 


Total 


Total 


Total 


IBadyel 

2 Proddatur* 

3 Siddhout 

4 Balampet* .. 

5 Cuddapah* .. 

6 J ammii,li>.mftHng n 

7 Puliyendia . . 

S Royaohotl . . 

9 Kamalapuram 


Total 


1 Oudur 

2 Bapur 

8Nefiore« 

4 Eoyur* 

5 KayaU 

rs.-: ;; 

OEanlglrl^ 

10 Sulurpet • 

11 Zamlndari dlvtaionB 

Total 


73 

77 
97 
92 

78 
86 
87 

104 

95 

"784 

107 

79 
81 

165 

94 

187 

59 

101 

118 

~938 


118 

74 

135 

97 

63 
146 
105 

87 

61 

886 

148 

87 

80 

145 

113 

188 

97 

118 

64 

*982 


117 

89 

124 

88 

80 

116 

181 

187 

210 

140 

426 

i[n7 


.a 


•Tiloka wUUmAWoosA afctoaio^ c 
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APPENDIX ni--«o)K. 


SMememt thawing number and names of taiuka mi 
nwnAer of vittagea in each district— aoiA. 




1 Madturantakam * 

2 Eaneheepurfim * 
8 Chinglepat* 

4 Saldapet* .. 

6 Sriperambudiir 

6 Tlnivalliir • . . 

7 Pozmeri 


Total number of 
Viliams exQlucling 
tiUmnof and prop* 
rletanrviUa^ 

( 8 ) 


Booth Aroot 


1 Tlndivanam * 

2 Gingee 

3 VUlupuram* 

4 Coddalore * . . 
6 Tirakkoyiliir 

6 Kallakiiiiohi 

7 Vrldhachalam 

8 Chidambaram * 


Ohlitoor 


1 Chlttoor^ 

2 Ghandragirf v 
8 Palamaner* 

4 BfadanapaOe * 

5 Vayalapad 

6 Zamindfuri traots* Kalahaeti * 


Korth Aroot 


1 Tlnipattur .. 

2 Oudfyattam* 
SVeUore* .. 

4 Wallajah .. 

5 Arkonam 

6 Cheyyar 

7 Wandlwaah .. 

8 Polur ♦ 

0 TIrovaimamalal » 

10 Ghengam 

11 Am! .. 


1 Hosur 

2 Erishnaglri .. 
8 Bharmapuri 

4 Hamr 
6 Omalur 

6 Tiruchengode 

7 Salem* 

8 Attur* 

8 Namakka] '^ 

10 Baslpuzam * 

11 Tercaad 


Cdmbaiofo . 


IXoUeml 

2 O^^tiipal^taoi* 

:: 

6 Bharapuram 
OUdamalpel* 
rPaUadUm .« 

8 Coimbatore . . 

9 Avanashi* .. 
lOPoilaohi .. 


Total 


ARSNDZ0B8 


1807 


APPENDIX m—wni. 

StaUmnt tiowing member and names ^tdhiJct and 
nmtber qf village in ewde dimrieb^-coat. 


IMMot. 

<« 

nnwhlnopaUt .. 

Taluka. 

(2) 

. . 1 Perambaliir . . 

2 XTdampalayam 

8 Mutol * 

4 Lalgndi * 

6 TirnehiianMau* 

8 Kanir 

7 KuUtlalal* .. 

8 Podnkkottai • 

• • • • 

• • • • 

• » • « 

Total number of 
vUla^ excluding 
trlbuttury and prop* 
rietary vUlages, 

(8 

184 

235 

167 

131 

125 

122 

238 



Tout .. 

uir 


Tanjore DivUiau 



*toJo*e 

1 Tanjofe* 

2 Papanasam . . 

8 Kambakonam ^ 

4 Mayuiam* .. 

6 Sirlbli 

8 Kannllam * . . 

• • • • 

• ♦ • • 

210 

188 

281 

101 

102 

254 



Total . . 

1,178 


RamanAthapnram 


IMurfti 





Taliiki pioTlded with additional asrionltaral domooitraton. 




AsmoMan 


. APPENDIX m-reont. 


'^towing number md ncmea xifiabulet 'tmd 
mmber ^ iidUagee in eocA di»frkt--^wuitt. 


Sm^te 

Taluks. 

Total mniiber of 
TtllifliHi aaolndliiff 

. trtbSfiu^ aadp!^ 

fiotary vIttiiM. 

(1) 

(2) 

(2) 


1 Ohirakkal* .. 

2 Kottayam . . 

8 Kurombranad 

4 Wynaad • . . 

6 Kosblfeode . • 

8 Ernad^ 

7 WaUuvanad* 
BPalghat* .. 

9 Ponnanl* .. 

272 

227 

.... 841 

88 

188 

04 

.... 817 

188 

.... 121 



Total .. 1,760 

8<mtli Eanara 

1 Mangalofe* 

2 Kasaragod * 

8 Pufctup* 

4Udlpi* 

6 Coondapoor . . 
dEarkal 

.... 182 
' .. .. •• • 110 

184 

116 

104 

100 



Total .. 801 

Xha NUglrii 

. . 1 CooBoor * . . 

2 Ootaoamund 

8 Oudalur 

28 

10 

12 


ToUl .. M 

Onnd total for Madras Bute .. 


• Tatnks piOTl&ed wtUi additional agticultoral domooftratoiB. 
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APPENDIX VI. 

StatemetU of monthly average rainfall in the Province. 
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Area sown with crops. 
Sugar (Otliers) (in 00 acres). 
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Area soum toith cropss 
Bananas (in 00 acres). 
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Other fruits and vegetabUa including rod crops. 

Includes Onions, Potatoes, Sweet potatoes, Tapioca, Citrus variety, etc. 
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OOur Drugs and Narcotics. 

In 00 acres (including Betelvine, OofiFee, Tea, Cinchona and Arecannt). 
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OjB.— Xbe figures of yield of pulses relate to onhusked grain. The loss of weight in husking is 20 per cent. 
* The yield under Groundnuts is of unshelled nuts. Estfanated loss of weight in shelling is 25 per cent. 
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appendix XLVm — am*. 

Otowing yiM yet acre attained in each of the years from 1921-22 to 1947-48— «ont. 
(The figures denote average for the State.) 
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APPENDIX LVni. 

Standard Weights and Measures fixed under the Madras Weights and 
Measures Act of 1948. 

In addition to tbA Ail-India atandardB of wei^t, namely, tbe maund, seer, tola series and the toa 
hnndred-welght, qnarter, pound series, the following are the standards for Madras presoilhed 
the Act of 1948:-- 


PARTI. 

Standard wdgKU, 

I* For general nae— 

(1) The palam being a weight of three standard tolaa. 

(2) The Madras seer of^ht palams or 24 tolas. 
f8) The viss being five Madras sedis or 120 tolas. 

(4) The Madras MauUd being a weight of eight viases or 960 standard tolas. 

(6) The kandy being a weight of 20 Madras maunds or 19,200 tolas. 

n. For use in the trade in gold and silver — 

(a) ^ following multiples of the standard tolas, tIz., 2, 8, 4, 5, 10, 20, 50, 100, 200, 300, 500, l.oOO 
and 2,000. 

(5) The following sob-multiples of the sUndard tolas, namely, 1/2, 1/4, 1/8, 1/10 and 1/82^. 

m. For use in the trade in precious stones — 

(a) The carat being a weight equivalent to 1/120 of a tola. 

(5) Tha following multiples of the carat, namely, 2, 8. 4. 5, 6. 8, 10. 12, 15. 20. 30, 40 and 60 
(e) The following sub-multiples of the carat, namely, 1/2, 1/4, 1/5, 1/8, 1/16, 1/16, 1/20, 1/50 and 


XV. For use in the Apothecaries' trade — 

(a) The drachm, being a weight equivalent to 60 standard grains. 

t5i The ounce being a weight equivalent to eight drachm or 480 standard grains. 

(e) The following multiples of the ounce .namely, 2, 4, 6, 8 and 10. 

W The following sub-multiples of the ounce, namely, 1/2, 1/4, 1/8 and 1/16. 

($) The scruple, being a weight equivalent to 20 standard grains. 

(/) Two scruples, being a weight equivalent to 40 standard grains. 

(p) One-half of a scruple, being a weight equivalent to ten standard grains. 


PART II. 

Miomres of length and area. 

(a) The standard inch, tlie standard foot and the standard yard as dehned in the Meaeuies af 
Length Act, 1889. 

The link, being a length of 7.92 standard inches. 

(c) The chain, beli^ a length of 100 links or 22 standard yards. 

l d) The fhrloQg, being a length of 220 standard yards. 

le) The mile, being a length of eight fhrloogs. 

(n The square inch, being the square of one standard inch. 

(jn The square foot, being the square of one standard foot. 

(k) The square yard, being the square of one standard yard. 

(O The acre, being an area of 4,840 square yards. 

PART in. 

Meatures o/eapacity, 

U For general use— . 

8 The cubic inch, being the cube of one standard inch. 

The cubic foot, being the cube of one standard foot. 

The cubic yard, being the cube of one standard yard. 

T^ Madras measure, being equivalent to 108 cubic inches (62| &uid ounces). 

The type seer, being equivalent to 72 cubic inches (41-2/8 fluid ounces). 

Non.— Three type seers are equivalent to two Madras 
(/) The fluid ounce, being equivalent to l/l.OOOth of a cubic foot. 

Kant— One flnid onnoe of air-ftee distilled water at 62”F weights 437.5 standard grains approii- 


t The pint, being equivalent to 20 fluid onnoee. 

The qnart» being equivalent to two pints. 

The worn equivalent to foak quarts. 

The ottshei, being equivalent to eight gaflons. 

X|. FW me in the Apotheeailes' trade— 

) The flidd ounce at deftned above. 

The Ihllowiiig mnlttides of the fluid onnce. name^. IL 4. 6, 8. IQ, 12, 16, 24 and 32. 
) The fluid drachm, being equivalent to l/dth of a fluid ounce. 

I The fbltowliill mnltiplee of the fluid drachm, namely, 2. 3, and 4. 


l/60th of a floidjlnm^. 


I of the minim, namely, 2, 8, 4, 5. 10, 20 and 80. 
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A 

Abnormal leaf fall in Rubber. 

1162 

Abyssinian tefb grass 

607 

Acacia decurrens 

1013 

Acacia leuoophloea . . 

697 

Achoea janata 

989 

Achras sapota 

371 

Aoorus calamus 

1020 

Activated carbon . . 

883, 1244 

Activated sludge 

820 

Adcock tobacco variety 

668 

Addayiimm**- 

339 

Adipattam 

412 

Adisura atkinscni 

949 

Aerolata mildew (cotton) . . 

1139 

Agar*agar 

883 

Agathi weevil 

993 

Agave 

676 

Agave—americana . . 

677 

„ cantala 

677 

„ sisalana 

677 

Agmark 

1338, 1339 

Agricultural Associations . . 

1386 

Agricultural Education and 

Training: 

1361 

Admissions 

1363 

Agricultural College, 

Saidapet 

2, 1361 

Agricultural College, 

Coimbatore . . 

1362 

Agricultural College, 

Bapatla 

1365 

Collegiate education 

1361 

Elementary education : 

Agricultural middle 

schools 

1368 

Anakapalle . . 

1368 

Taliparamba 

1368 

Usilampatti 

1369 

Juvenile Schools in 

A.R.S8 

1369-1370 

Hostel, Games, Library, 

Museum 

1364 

M.Sc. degree 

1366-1367 

Syllabus 

1366>1367 

Tuition fees, scholarship, 

etc 

1863 

Training courses: 

Short course in practical 

Agriculture 

1370 

Practical training in 

Agriculture to SODS of 

landowners . . 

1371 

Oouiae in co-operation. 

1872 

Soil conservation train* 

1372 

mg. 

Shc^ oourse training at 

IMt factory 

1373 

Short oourse training in 

Fruit canning and 

praaervation 

1878 


Agricultural EduoAtion and 
Training — wrd. 

Short course training in 

Horticulture . . 1373 

Diploma courses in Hor- 
ticulture 1373 

Certificate course in 
Horticulture 1373 

Training of Koya boys . . 1374 

Training of Fieldmen 

and Maistries . . 1374 

Training in Food yeast 

mantdTacture . . 1375 

Training of Rural Black- 
smitlu . . . . 1375 

Agricultural Training 

School, Orathanad . . 1375 

Agricultural Engineering : ^ 

Bullock carts . . 132^ 

Extension service . . 

Implements . . 

Machines .. 181<>, 

Miscellaneous items . . 1329 

Water Lifts . . . . 1326 

Agricultural Demonstrators. 1388 

Agricultural digests and press 
jottings 1388 

Agricultural Department — 

History of . . . . 1 

Agricultural Marketing ; 

Developmental work . . 1837 

Gradi^ and standardi- 
sation . . . . 1338 

Market legislation . . 1340 

Market surveys . . 1334 

Agricultural Meteorology : 1406 

Cyclones . , . . 1407 

Famines . . . . 1406 

Meteorology section . . 1410 

Monsoons . . . . 1408 

RainfaH . . 1408 

Seasons . , . . 1410 

Agricultural Pests and Disea* 
see Act 1423 

A^cultural Produce (Grad* 
ing and Marketing) Act, 

1937 1335, 1388 

1421 

Agricultural Research 

Stations II 

Agricultural statistics and 

information : 1402 

Agricultural legislation . . 1416 

Geographical features of 
Madm 1402 

Crop production . . 1412 

Irrigation syetem . . 1406 

Physical features . . 1408 

Population in Madras 
State 1411 
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Agro-Industries : 

PAGBS 

1226 

Annatto-dye 

1240 

Ergot of rye 

1234 

Food yeast 

1287 

Malt and malt product . . 

1226 

Starch and star^ products. 

1241 

Utilisation of bye-pro- 
ducts of Agricidture . . 

1227 

Utilisation of groundnut 
husk 

1242 

Vegetable oils from inedi- 
ble seeds 

1244 




Agronomy : 

Agricultural problems of 
Tungabhadra project . . 
Bunding 

Cultural trials — ^preparatory 
cultivation trials 
Contour embankments . . 
Dry farming scheme 
Bunding experiments . . 
Fallowing experiments. 
Inter culture experi- 
ments 

Scooping trials 
Strip cropping experi- 
ments 


851-853 

845 

843>844 

868 

855-861 

856 

861 

860 

859 

861 


Electro-culture experi- 

ments. 

871-872 

Introduction of now crops 

839-843 

Intercultivation trials 

845-846 

Korai eradication 

845 

Mixed cropping . . 

848-849 

Rotational cropping 

847 

Transplantation in beds 

and ridges 

845 

Agrosan GN. 

1165 

Agrotis sp. 

947 

Agroxone 

894 

Aiambadies 

1248 

Albizzia amara 

598 

„ lebbeck 

598 

Alcides bubo 

993 

Alcohol 

1239 

Aleurites spp 

252 

„ fordii 

252 

Alkali lands and their recla- 

mation : 

755 

Early attempts . . . * 

756 

Mettumaradur experi- 

ments 

767 

Peddapalakalur experi- 

ments 

762 

Aziznagar experiments . . 

762 

lohangod (South Aroot) 

experiments • . . • 

763 

Alligator pear 

380 

AUsop’s early 

386 

Altemaria mactospora 

1139 

Alu Bokhara 

390 

Aluminium 

1214 

Alysicarpus rugosus 

595 

Ambali 

170 

Ambalavi 

320 

1 

1 

483, 486 


Ammonium sulphate— 
Manurial experiments • • 
Ammonium nitrate — 
Hanurial experiments . . 
Amphilopbis pertusa 
Amsacta albistriga .. 
Anamalais . , 

Ananas sativus 
Andaman ordinary .. 
Andropogon pumilus 
Anemometer 

Anpun 

Animal nutrition experi- 
ments : 

Nitorgen balance experi- 
ments 

Requirement of food for 
light, medium and heavy 

work 

Sources of protein supply. 
Protein metabolism , . 

Mineral metabolism • . 

Annato dye . . . , , , 

Annonaoeous fruits : . . 

Annona squamosa . , 

,, reticulata 

muricata 
„ cherimolia 

Antelope rat 
Anthraonose 
Atherigona indica 
Antrocephalus mahensis 
Antu 

Apis dorsata 
Apis indica . . 

Aphanis sordidus 
Aphelinus mali 
Aphis gossypii 
Aphis labumit 
Aphis medicagenis . . 
Aphosphorosis 
Apple : 

Climate and soil . . 

Varietal introduction am 
trials 

Evolution of strains 
Agronomic trials . . 
Cropping and yield 
Dietetio value 
Pest and its oontrol 

Apple woolly aphis . . 

Apricot 

Aiaohis hypogaea . . 

Arachis nambyquarae 
Areohis virus 
Arakku valley sohem 
Areoanut dehusking 
Amiga sacohari£m 

Aigyria 

Argyria stMeraspis 

Arika^ss Kodo MiUet. 

Arrow-root 

Artooarpus oommunls * 

Art^ s^ intSfrilbUa 
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1200 
1201 
1202 
1240 

372 

372 

372 
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931 
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936 

1002 

930 

1271, 1282 
1272 
1009 
1019 
979 
989 
949 
211 

385 

386 
386 
386 

389 

390 
1019 

408 

408 

308 

217 

1140 

1398 

1330 

1343 


1343 

384 

373 

813 
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Aihmoiini 

Athalia proxima . . 

Attaous rioini . . . . 1271 

Aulaoophora foveioollie . . 949 

„ atripennia . . 949 

„ Btevanai . . 949 

Australian drought resistant 
grass . . 905 

Avacado pear 380 

Averrhoa oarambola . . 380 


B 


Bacillus holoi . . 1128 

Bacterial leaf-spot in cholam. 1 128 

Baiial fakir . . 38 

Bajra : 

Production . . . , 150, 588 

Climate, soil, etc. . . 153 

Evolution of strains . . 153 

Fundamental studies . . 154 

Cytological studies .. 158 

Hybrid vigour . . 157 

Agronomic experiments , . 158 

Diseases and their control. 1129-1130 
Manuring . . 159 

Harvest and yields . . 160 

Food value . . . . 160 

Balamkotta . . 627 


Banana : 

Production and importance. 
Climate and soil . . 
Varietal introduction and 
trials 

S^tematic survey 
Hybridisation 
A^nomic trials . . 
Transplanting, irrigation, 
culture, manuring 
Manurial experiments 
Pruning, cropping and 
yield 

Ripening, storage and pro- 
ducts . . . . 

Cold storage trials 
Chemioal studies . . 
Dietetic value 
Fibre trials 

Disease and its control . . 
Bansshan 



Bantanhal farm 
Bargu barri 
Barbadense cottons 
Baigbur hill breed .. 

Basel 

Basumathi . . 

BajriA lister . . 
Basmat 
Barigahi 
Bamyard millet 
Batavian orange 
Batooera rubus 
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350 

353 

902 

353 

353 

353, 354 
826 

354, 367 

367 
357 
878 
359 
358. 578 
1150 
320 
320 
66 
1267 
176 
489,501 
1248 
216 
38 
1314 
688 
178 
178 
338 
953 
69 

361,380 


Bee-keeping : 

Life history and habits of 

PAOBS 

honey bees 

1272-1277 

Paatiirage . . 

1278 

Bee enemies 

1278 

Appliances 

1281 

Bee hunter wasp 

1281 

Beet root studies 

879 

Beet sugar industry. . 

464 

Bengal citron 

340 

Bengal gram 

189 

Pests and their control . . 

940 

Ber fruit fly . . 

961 

Berseem 

Betel nut— diseases and their 

694 

control 

1142-1144 

Betelvine bug 

993 

Betelvine 

Betelvine station, Vallalur 

676 

Pest and its control 

993 

Bhavani river 

1403 

Bhima river . . 

1403 

Billichigan 

146 

Billikichili 

340j 

Billichigan sorghum 

588 

Bimilipatam jute 

575 

Birds eye disease (Grapevine). 1151 

Bixa Orellana 

1240 

Black ants . . 

1281 

Black-arm in cotton 

495,1139 

Black berry . . 

409 

Black gram , . 

186 

Black -heart in potato 

418, 886, 
1162 

Black -headed caterpillar . . 

1031,979 

Black rust- in wheat. . 

1132 

Black rot in coffee . . 

1154 

Black -shank in Tobacco 

1148 

Blade harrows 

1294 

Blast disease of rice 

1119 

Blcist in ragi 

1128 

Blast in setaria 

1132 

Blight in ragi 

1129 

Blister blight in tea 

1154 

Blood red orange 

338 

Bochmeria nioca 

577 

Boll rot €uad seedling biignt. 

1138 

Boll worms of cotton 

972, 1019, 
1029 

Bombyx mori 

1270 

Bonemeal 

817 

Bonganhilo . . 

146 

Bontha 

357, 442 

Borah 

556 

Bordeaux mixture . . 

881, 1163 

paste 

1164 

Borer pest scheme .. 

Boron deficiency in certain 

966 

vegetables , . 

1159 

Botanic gardens, Coimbatore 

902 

Botany— formation of research 

section 

5 

Bourbon cotton 

485 

Bow trap 

930 

Brachiaria mutica . . 

606,003 

Brahmaputra fowls 

1267 

Brahmini bulls 

1249 

Bread fruit • . 

384 
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method, 
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,, fiuit bom • . 
beetle 

bud worm . . 
Bt&ometer . . 

Broom rape . . 

Brown blight in coffee 
Brown nurt in wheat 
Broohiii epp. 

Biiokeye navel 
Book Boraper 
Budding — ^Flap 
patch method, 
method 

Bud-rot in coconut 
„ palmyra 
Buffalo Breeding 
Guntur 

Bulbils 

Bull dozers . . 

i Bulletins 

I luUock-cart— tilting arrange 
A ment 

^ullock harness .. .. 

Bulrush millet — See Bajra. 

Bunchy top 

Bund former 
Buradapathi 

Butter fruit 


414 

943 

943 

943 

943 

465 

1146,1168 

1154 

1133 

1002 

338 

1314 


Station, 


326 
1141 
1166 

1249, 1257 
131 

1395, 1332 
1388 

1329 

1329 

968 
1303 
486, 513 
380 


0 


Cabbage borer 
Gajanus cajan 
Calcium cyanamide— manu- 
rial experiments . . 
Calcium cyanide fumigation 
Calocoris angustatus 
Cambodia cottons . . 

Camphor 

Camponotus compressus 
Cane borer 
Cane leaf hopper 
Cane grass hopper . . 

Cape gooseberry 
Capsicum annum 

Cwrambola 

Cardamom : 

Production, climate, soil, 

etc 

Varietal introduction and 

trials 

Agronomic trials . . 
Harvest and yield 
Pests and their control .. 

Carrington 

Carcinia mangostana 
„ tinctoria . . 

Ccuica papaya 
„ candamereencis 
Carolina rice 
Carthamus tinotorius 

Carophyllin 

Carpmyia veauviana 


947 

185 


816 
1005 
931 
486, 491, 
492 
667 
1281 
968 
968 
971 
407 
623 
380 
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Grow more food journals . . 1388 

Guava 375-376 

Gudiyatham bunch . . 216 

Guddali 418 
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Soil survey 

729 

Climate, crops, geology , . 

731 

Soil profiles 

732 

Conclusions 

738 

Qunomys kok 

929 

Guntaka 

1294 

Gur Control Order . . 

468 

Gurzar No. 2 plough 

1293 
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Hagari bunding 

368 

Haitha 

361 

Hale 

390 

Hallikar breed 

1248 

Hand gins 

1320 

Haraka — See Kodo Millet 


Hariali 

605 

Harrison special 

666 

Hawaiian pummelo . . 

340 

Hay and straw presses 

1309 

He^ smut . . 

1126 

Heliothis obsoleta . . 

940 

Heliothrips indicus . . 

944 

Hellula undalis 

947 

Helopeltis antonii . . 

965 

Helminthosporiose . . 

1123 

Helminthosporium turoicum. 

1128 

Helminthosporium nodulo 


sum 

1129 

Hemsvathi rivor 

1403 

Hemileia vastatrix . . 

1153 

Henbane 

665 

Herbarium 

899 

Horse convolvuli 

940 

Hevea brasilensis . . 

642 

Hibiscus cannabinus 

576 

Hibiscus sabdarifTa . . 

676 

HierogJyphus banian 

911,971 

Hieroglyphus nigrorepletus. 

935 

Hill fruits 

384 

Hillmen uplift scheme 

1399 

Hing 

618 

Hingari 

486, 854 


1410 

Hispa armigera 

916 

H.M. Quntaka 

1204 

Hog millet 

175 

Hollow berry disease of 


pepper 

630 

Honey sorgo 

146 

Honey dew 

953, 366 

Honey 

1271 

Hopper dozer 

935 

Hortomone 

832 

Horsegram — diseases and 


its control 

1140-1141 

Horsegram 

190, 592 

Hosur rickets . « 

418 

Hosur Cattle Farm . . 

1240 

Hotte 

442 

Hot weather 

1400 

House rat 

1002 

Hyakume 

402 
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1036, 1032 
1013 

IdioceruB atkinsoni . . 

OSO 

„ clypealie . . 

960 

„ niveosparsuB 

950 

Inarching 

325 

Indegenous vegetables 

422 

Indian gooBBberry . . 

Indian Central Sugarcane 

383 

Committee 

Indian Central Tobacco Com> 

470 

mittee 

Indian Central Cotton Com- 

675 

mittee 

Indigo — cMltivation prac- 

497 

tices, etc 

682 

dye production 

683 

marketing features 

686 

Indian rat 

987 

• Indian Honey Bee . . 

1272 

Queen bee 

1277 

Drone bee 

1277 

Worker bee 

1277 

Indravathi river 

1403 

Insecticidal plants . . 

677 

Ipecacuanlia 

659 

Ipomea batatas 

596 

„ hispida 

596 

Irish peach . . 

Iron and Steel distribution 
under State Trading 

389 

Scheme 

Irrigation Development 

1395 

Board 

Irrigation — systems of irri- 
gation productive and 

794 

protective 

water requirements of 

792, 1405 

crops 

irrigation Development 

794 

Board 

794 

duty of water experiments. 

795 

transmission losses 
water relationship of 

796 

cotton 

797 

irrigation of black soils . . 
Agricultural Research 

798 

Station, Siruguppa 

798 

fundamental research 

798 

soil moisture studies 

799 

salt tolerance studies 
salt and silt content of 

800 

Tungabhadra water 
irrigation experiments at 
Aj^ioultur^ Research 

800-801 

Station, Siruguppa 
irrigation experiments at 
Bhagavadi Demonstra- 
tion Fann 

801-805 

805 

Irungu oholam 

Italian Millet-— production 

128, 588 

and importimoe 

170 

climate, soils, etc, 
varietal intr<^uotion8 and 

171 

tdals 

171 


Italian Millet— con«, 
improved strains . . 

PAOXt 

171 

fundamental studies 

172 

cytological work, agrono- 
mic experiments and 
manuring 

173 

diseases and their control. 

1131-1132 

harvesting, yield &iid food 
value 

173 

Italian white 

418 
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440, 448 

Jo^k fruit 

373, 374 

Jaggery Control Order 

469 

Jalap . . 

659 

Jambori 

349 

JarriUa 

615 

Java Hebbal 

442 

Javadi hills .. 

1402 

Javari 

442 

John Deere No. 306 

1319 

Jonna — See Sorghum. 


J owari cotton 

516 

Juglans regia 

409 

Jute 

575 
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Kabbini river 

1403 

Kagzi lime . . 

339 

Kaipad system of cultiva- 


tion 

36 

Kainit 

820 

Kaki jonna 

146 

Kali 

170 

Kalpa\Tiksha 

267 

Kalluvalli 

627 

Kampam — See Bajra, 


Kangayam breed of cattle. 

1250 

Kanjee 

877 

Kang 

688 

Kangoone — See Italian Millet. 


Kapur 

358 

Kapok 

680 

Kar crop 

32 

Kar season . . 

1410 

Karthigai samba 

67 

Karuthamcheera 

36 

Karpura chakrakeli 

353 

Karunganni . . 

505 

Karuntlial disease . . 

769 

Kathuvanamu 

48 

Kavinganpoothala . . 

48 

Kayama 

68 

KeU 

442 

Kelsey 

394 

Kennel's oscillator irrigator. 

1325 

Kerrs pink . . 

414 

Kezhvaragu 

160 

Khaki weed . . 

894 

Khandesh peanut . . 

224 

Kharbooja 

878 

Kichili 

340 

Killikrankio peach . . 

401 

Kikiyu grass 

605,607 

King Edward 

414 
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Disease and its control . . 1132 

Kodra — See Kodo millet. 
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KoUimalais . . . . 1402 

Kole system of cxilti vation . . 36 

Koolu 170 

Konamani 66 

Korra, Korralu — See Italian 
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Korai . . . . . . 845 

Kossier phosphate . . . . 823 

Krishika Bandhu . . . . 1383 

Krishna river . . . . 1403 

Kudiraivali . . . . . . 178 

Kudzu vine . . . . . . 687, 902 

Kumquat 340 

Kunchams 68, 1421 

Kumool-Cuddpah canal . . 1406 

Kuruvai crop . . . . 32 

Kusumlac 1287 
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Lablab-field and kitchen 


194 

Lablab bug . . 


949 

Labeo fimbiatus 


1286 

Lac culture . . 

, , 

1286 

Laccadive, ordinary cmd small. 

296 

Lady bird beetle 


949 

Lakshmanathirtha river 


1403 

lAnkiuai . , V 


441 

Lantana 


893 

Liqdiygma exigua . . 


994 

Lasioderma serricome 


1009 

Leaf curl in papaya 


1158 

Leaf disease in coffee 


1153 

Leaf fall and fruit rot 


1150 

Leaf spot in cholam 


1127 

Leaf spot in cotton . . 


1139 

Leaf stripe in cholam 


1128 

Leaflets 


1387 

Lemon 


339 

Lentil 


595 

Lepidosaphes piperis 


998 

Leptocorisa acuta . . 


915 

Lesser grasshopper of rice 


922 

Leuotnodes orl^nalis 


943 

Light Sussex 


1268 

Lime 


339 

Limo-o-manurial experiments. 

820 

Lime sulphur solution 

. . 

1164 
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Litchi (Litohi chinensis) . . 379 
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Little millet 177 

Little leaf in brinjal . . 1 158 
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Livestock . . . . 1249 

Ongole breed . . . . 1249 
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Sindhi br€»ed . . . . 1 250 

Cross breeding work .. 1253 

Buffalo breeding . . . . 1254 
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Lobelia excelsa . . . . 1020 

Lochnera pusilla . . 887 

Long smut .. .. .. 1126 

Loose smut . . . . . . 1126 

Lower Anicut . . . . 1406 
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survey . . . . . . 709 

Lucerne . . . . . . 593 

Lupin 1260 
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Mace . . . . . . . . 637 

Macrophomina phaseoli . . 1138 

Madras Agricultural Journal. 1388 

Madhubindhu . . . . 366 

Magan Deepa . . . . 252 

Maga-Karthi . . . . 412 

Mahalung citron . . . . 340 

Mahali 1142 

Maize . . . . . . 509 

Malt extract . . . . 1229, 1233 

Malt Factory, Coimbatore . . 1226 

Malt food 1228 

1233 

Malting of cholam . . . . 1229 

Malus indica . . . . 385 

Mandwa . . . . . . 160 


Mango : 

Production and importance 
Climate and soil . . 
Varietal introduction and 
trials 

Polyembryony 
Off season bearers . . 
Evolution of strcuns and 
Varieties 
Hybridization 
Agronomic trials — ^in- 

arching . . 

Agronomic trials — budding. 
Agronomic trials — ^grafting. 
Agronomic trials — ^top wor- 
king 

Inter-cropping 
Pkruning ,. ,« 


318 

318 

319 

319 

320 


323 

324 

326 

326 

326 


332 

332 

832 
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Harvest and yield 

333 

Pests and their control . . 

950-954 

Products . . 

335 

Mangifera indica 

318 

Mandarin 

338 

Mangosteen . . 

Manorial experiments and re- 

378 

search 

806-308 

On rice . . 

822-823 

Sugarcane 

823-826 

Bananas 

826 

Cereals . . 

826 

Groundnut 

827 

Dry land crop . . 

827 

Cotton . . 

827 

Sorghum 

827 

Minor millota . . 

828 

Chillies and tobacco 
Pepper, coconut and 

828 

potato 

Manures : 

Bulky organic manures — 

828-829 

Green manure . . 

Bulky organic manures — 

808 

Cattle manure . . 

Bulky organic manures — 
Nightsoil and organic 

811 

composts 

812 

Concentrated organic manure 

• 

Oil cake . . 

813 

Fish guano, hshmeal, etc. 
Inorganic fertilizers : 
Nitrogenous manures — 

814 

Ammonium sulphate 

814 

Sodium nitrate 

816 

Ammonium nitrate . . 

816 

Calcium cynamide . . 
Phosphatic manures inclu- 
ding Tinichirappalli 

816 

nodules 

Scheme for popularization 

817-819 

of phosphatic manure. . 

1394 

Potassic manure . . 

820 

Lime 

Other miscellaneous manure : 
Sewage and activated 

820 

sludge 

Slaughter-house waste, 

820 

tannery refuse, etc. . . 

821 

Salt and salt earth 

Mill wastes, rice husk and 

821 

press mud 

Scheme for purchase and 
distribution under State 

821 

Trading Scheme 

1393 

Mango hopper 

960 

Mango stem borer beetle . . 

953 

Mango shoot webber 

953 

Maaihot utilissima . . 

1241 


Miinure Dealers* Linoensing 

Order 1393 

Mango^showers 1409 

Marakkal 1416 

Margaronia indica . . 948 

Maimta arundinaoea , , 1263 


Market surveys 

PAGES 

1334 

Marketing — ^Formation of a 

section 

10 

Masipatiam . . 

412 

Maund 

1416 

McCormic Deering cultiva- 

tor . . 

1319 

Mechanical seed dril 

1819 

Medicago sativa 

593 

Meeiiampalayam tobacco . . 

667 

Mehnis minutiflora . . 

607 

Melolonthidae 

962 

Mentha vivides and piperata. 

619, 903 

Menthol 

619 

Mobta 

676 

Methoxone . . 

894 

Meteorology — See Agricultural 

Meteorology. 

Mettukathi . . 

1320 

Mezhichelvam . . • . 

1388 

Mhote wheels 

1325 

Microbracon sp. 

949 

„ serinopae 

981 

„ hebetor 

1006 

Milk production in Madras 

State 

1261-1262 

Bacteria in rnilk , . 

1263 

Keeping quality of milk , . 

1264 

Millets : 

Formation of a reseach 

station . . 

6 

Sorghum . . 

127 

Bajra 

150 

Ragi 

160 

Italian millet 

170 

Kodo millet 

174 

Proso or hog millet 

175 

Samai or little millet 

177 

Barnyard millet . . 

178 

Millet grasshopper . . 

935 

Millardia meltada . . 

931 

Mill V dates as manures 

821 

Mineral mixtui’e 

1259 

Mint . . 

619 

Miscellaneous fodders 

596 

Mixed cropping experiments. 

803, 848 
861 
491, 602 

Moco . . 

Molasses : 

Decomposition in paddy 

soils 

767 

As manure for sugarcane. . 

825 

Utilization as feeds 

1219 

Utilization for yeast pro- 

duction . . 

1239 

Other uses . . 

1219 

Mole rat 

929 

Monthan 

869 

Mosambi or Mussambi or 

Mugambique orange 

Mosaic in cholam . . 

338 

1128 

ragi 

1129 

„ sugarcane 

1138, 1166 

„ tobacco . , 

1157 

„ bendai . . 

1158 

„ cardamom 

1168, 1170 

Motor Exhibition Vans 

1386 
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1160 

Mountain district . . 

1404 

Mozambique Mauritius 

215 

Mulberry silk worm. . 

1270 

Mundappa 

323 

Mungari 

486, 615 

852, 1410 

Muras 

92 

Murrah buffaloes 

1254 

Musa malaccensis . . 

353 

„ textilis 

358 

Mustard 

250 

Musi river 

1403 

Mustard sawfiy 

948 

Musk melon 

377 

Muthari 

160 

Mathialu jonna 

137 

Mycology section — ^formation 
of 

9 

Mycosphaerella areola 

1139 

„ berkeleyi . . 

1139 
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Nadaxn cotton 
Nagpur aanthras 
NaSamalais . . 

Nanai 

Nanjanad potato fertilizer 
mixture 

Napier grass 
Natada nararia 
Native Tanganyika 
Navane~>jSae Italian millet. 
Naveena karshakan 
Navarai season 
Neelum 
Nellore samba 

Nendran 

Nendra Padathi 
Nmidra gaddi 
Nephantis serinopa . . 
Nephopteryx engraphella . . 
Nephotettix bipunctatus 

Neypoovan 

Niootiana tobacum and Nico- 
tiana rustica 
Nicotiana virus 

Niger 

Nighteoil and organic com- 
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Nitrification of soils. . 
North-east monsoon 
Normal yield of crop— defined. 
Northern cottons . . 
Novograntense 

Nut grass 

Nut meg 

Nutritive value of crop as 
affected by manuring 
Nyiur Qading 
Nymphula depunotalia 
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1388 

1410 
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979 

961 

916 

358 

664 

1157 
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1408 

1414 

486 
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894 

637 

1216 

296 
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Odontotermes obesus 
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Oilpabn 
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Oilseeds ; 

Goundnut 
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Castor 
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Pink boll worm 

972 

Pineapple disease of sugar. 


cane 

1137 

Piricularia oryzae . . 

1119 

ft setariae . . 

1132 

Pisciculture 

1283 

Pishanam crop 

32 

Plant lice 
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